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IN THIS CHAPTER: 


® INTRODUCTION 
@ SPECIFICATIONS AND PARAMETERS 
@ SELECTION GUIDE 


CHAPTER 1 


Introduction 


In spite of the common, almost universal, use of regulated 
power supplies in systems design, they are still one of the 
factors most likely to be compromised in terms of engineer- 
ing effort and design time. This is due to the wide variety of 
system power requirements. The main purpose of this hand- 
book, then, is to provide the power supply designer with a 
complete, practical reference for voltage regulators and thus 
contribute to a shorter, more efficient design cycle. 


Monolithic voltage regulators have improved tremendously, 
both in performance and reliability, since 1967. One of the 
most significant steps was the introduction of the 3-terminal, 
fully protected regulator in 1969. The industry’s first (and 
present) standard voltage regulator is the pA723. This device 
and its wide scope of applications is discussed in Chapter 8. 
In direct contrast, 3-terminal regulators, such as the Fairchild 
yuA7800 series, are designed for specific fixed-voltage appli- 
cations. . These devices require very few external com- 
ponents, are essentially blow-out proof, and are low in cost. 
With these features it is difficult, if not impossible, to justify 
building discrete component regulators, particularly for local 
on-card applications. 


This handbook devotes two chapters to each major regulator 
family. Specifically covered are the pA7800, pA78MOO, 
wA7600, pA79EO0, and the pA723. The first chapters des- 
cribe the internal design of the devices and their electrical 
characteristics. The subsequent chapters discuss electrical 
and thermal considerations useful as guidelines in device 
application, and a brief description of the primary Circuit ap- 
plications. Because there are many different types of regu- 
lators, more than one circuit approach to a particular system 
requirement is quite likely. In such cases, a value judge- 
ment must be made to select the optimum approach for that 
application. Later chapters describe new regulator develop- 
ments at Fairchild and list some currently available second- 
source devices. An aid in the successful application of volt- 
age regulators is a selection guide covering the complete 
regulator line. Also included in this handbook are appen- 
dices covering switching regulator and power supply design, 
and a guide to the selection and operation of suitable power 
transistors. 


A major premise of this handbook is that the reader is familiar 
with the basic operation of IC voltage regulators. Briefly 
stated: a temperature-compensated reference voltage is de- 
veloped on-chip and is compared with the derived output 
voltage present in an error amplifier. This amplifier requires 
both high gain and wide bandwidth to ensure good regulation 
characteristics and fast transient response. It must also have 
low temperature drift to maintain a high order of output volt- 
age stability under changing temperature conditions. The 
error amplifier drives the output stage, consisting of a Dar- 
- lington pair. Also located on the chip are the necessary bias 
supplies, and various protection circuits. 


Unless otherwise stated, line and load regulation characteris- 
tics are specified at a junction temperature of 25°C. This 
ensures that the specification limits represent true regulation 
limits unmasked by thermal effects. Therefore, to test for 
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these characteristics, it is necessary to use a low duty cycle 
input signal to minimize device dissipation. Internal device 
heating during production testing is prevented by pro- 
gramming the automatic test equipment for very short test 
times (the entire regulator test cycle is completed in less than 
one second). | 


Throughout this book equivalent metric dimensions have - 
been derived from the original inch dimensions. 


SPECIFICATIONS AND PARAMETERS — 


Some general comments on voltage regulator specifications 
and parameter definitions follow. 


AVERAGE TEMPERATURE COEFFICIENT OF OUTPUT 
VOLTAGE — The percent change in output voltage for a 
specified ambient temperature change. 


DROPOUT VOLTAGE — The input-to-output differential volt- 
age at which the circuit ceases to regulate against further 
input voltage reductions. 


INPUT VOLTAGE RANGE — The range of dc input voltage 
within which the regulator operates to tolerance. 


INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL — The range 
between the input and output voltages outside of which the 
regulator does not operate to tolerance. 


LINE REGULATION — The percent change in output voltage 
for a specified change in input voltage. 


LOAD REGULATION — The percent change in output voltage. 
for a specified change in load current. 


LONG TERM STABILITY — Output voltage stability under 
accelerated life test conditions measured after 1000 hours 
at maximum rated voltage/power dissipation. 


OUTPUT NOISE VOLTAGE — The rms value of noise voltage 
measured at the output with a constant load current and no 
input ripple. 


OUTPUT RESISTANCE — The resistance, at a specified value 
of load current, seen at the output terminal. 


OUTPUT VOLTAGE RANGE — The range of regulated output 
voltages over which certain specifications apply. 


QUIESCENT CURRENT — That part of the regulator input 
current not delivered to the load. 


RIPPLE REJECTION — The ratio of peak-to-peak input ripple 
voltage to peak-to-peak output ripple voltage. 


SHORT-CIRCUIT CURRENT LIMIT — The output current of 
the regulator measured with the output shorted to the nega- 
tive supply. 


STANDBY CURRENT DRAIN — The supply current drawn by 
the regulator under no output load and no reference voltage 
load. 


TEMPERATURE STABILITY — The percent change in output 
voltage over a specified ambient temperature range. 


With respect to the output voltage temperature coefficient, 
particularly in the case of 3-terminal regulators, the relevant 
temperature is the junction temperature, not the ambient 
temperature. This means an estimate must be made of worst- 
case operating junction temperatures for each application. 
Fortunately, these devices are well-characterized by eh 
thermal characteristics, simplifying this task. 


Operation of a regulator at, or near, its dropout voltage — or 
minimum permissible input-to-output voltage differential — 
must take into account the absolute worst-case minimum 
input voltage, including any ripple voltage present. 


All currently used 3-terminal regulators provide internal 
protection to guard against the more commonly experienced 
failure modes. These are discussed in Chapter 2. In extra- 
ordinary situations, however, certain additional precautions 
are essential to avoid damage to the device. A voltage supply 
connected to the output which exceeds the input voltage is 
one such situation. If the input shorts to ground, the larger 
voltage supply at the output causes a reversed current flow 
through the regulator, probably destroying the device. lf 
using an auxilliary supply at the output of a regulator, it 
may be necessary to isolate the input from a possible short 
with a series diode. It is also essential that the normal output 
voltage of the regulator be greater than the second power 
source. 


For the 723 regulator, ripple rejection is specified over a — 


50 Hz to 10 kHz frequency range; but 120 Hz only for all 
3-terminal regulators. Characteristic curves, however, are 


MAX LOAD 
CURRENT 


OUTPUT 


TYPE NO. PACKAGE 


78MXX 
7T8MXXC 
78MXXC 


PD(MAX) 
VOLTAGE FR 





included to indicate the ripple rejection expected at any 
specific frequency up to 100 kHz. Note also that ripple re- 
jection for the 3-terminal regulators is specified at a relative- 
ly high load current when compared to their allowed maximum. 
A particularly important point is that some 3-terminal devices 
exhibit a ripple rejection figure which degrades considerably 
as the load current is increased. This is due to self-heating 
of the monolithic chip which has an adverse effect on the 
regulator reference voltage. Since the chip thermal time 
constant is comparable to the ripple voltage period, ripple 
rejection is degraded. In the chip layout of Fairchild regu- 
lators, care was taken to ensure minimal thermal interaction 
from high dissipation areas of the chip to critical areas such 
as the voltage reference supply and the error amplifier input. 


For fixed voltage applications, the preferred device is a 3- 
terminal regulator, from the 78L, 78M or 7800 series exhibit- 
ing the lowest current/power ratings consistent with worst- 
case requirements of the application. 


The 7600 series offers the most economical means of power- 
ing small and medium size analog computing systems, and the 
79E series effectively covers the needs of emitter-coupled 
logic systems. 


The universal 723 is not only capable of giving precision 
regulator performance in all the above applications, but can 
be equally efficient in more unusual applications; e.g., both 
positive and negative, high voltage regulators, very high line 
rejection regulators, low input/output differential voltage 
regulators, and many others detailed in Chapter 8. _ 


MAX LOAD 

REGULATION REGULATION 
(ZERO TO (OVER A NOMINAL 
MAX I; ) Vin RANGE) 


MAX LINE 


PDIMAX 
INF. HEAT SINK 


7T9EXX TO-3 30 Fixed 3.5 15 1% 1% 
79EXXC TO-3 (Negative) 3.0 15 1% 1% | 


76XX TO-100 0.8 2.0 2% 2% 
76XX Power DIP 2.3 5.0 2% © 2% 


0.15 Fixed/ Adj 


723 TO-116 
723C TO-100 
723C TO-116 


eer 1.00 0.5% 0.2% 
Adjustable. 0.85 25 0.6% 0.5% 
1.00 . 0.6% 0.5% 


0.15 


Adjustable 
(Negative) 








TO-99 
TO-99 
TO-99 
Mini-DIP 


| 
| 
| 
| 


| 0.85 2.5 0.5% 0.2% 


Table 1-1 Monolithic IC Voltage Regulators Selection Guide 
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CHAPTER 2 
7800/78M00 Positive, 3-Terminal Voltage Regulators 


INTRODUCTION 


The 7800 series circuits are self contained, 3-terminal regu- 
lators specifically intended for use in a wide variety of fixed 
output voltage applications. The combination of internal cur- 
rent limiting, safe area compensation, and thermal shutdown 
makes these devices immune to the failure modes normally 
associated with power regulator applications. 


Two families of positive 3-terminal regulators are available 
differing only in their maximum output current rating. 


@ 78MO0 series in a hermetic TO-39 package, or molded 
TO-220 package, rated at 0.5 A. 


@ 7800 series in a hermetic TO-3 package, or molded 
TO-220 package, rated at 1.0 A. 


Since the electrical characteristics of the two families are 
virtually identical, only the 7800 series is described. Regu- 
lators are available in fixed output voltage options from 5 to 
24 V. These options are first determined during the manu- 
facturing process by the selection of an internal resistor ma- 
trix, RA, in the block diagram of Figure 2-7 and, second, for 
an operating junction temperature range of -55 to +150°C 
for the 7800 or O to +125°C for the 7800C. 


UNREGULATED INPUT 


CURRENT SOURCE 


VOLTAGE - 


> 


THERMAL 
SHUT DOWN 
‘ 


REFERENCE SERIES PASS 


START UP 
CIRCUIT 
ELEMENT 
SHORT 
CIRCUIT 
PROTECTION 


REGULATED 
OUTPUT 





Fig. 2-1 Block Diagram of the 3-Terminal Regulator 


Output voltages are specified at approximately +4% of the 
nominal voltage. In. applications where closer tolerance out- 
puts are required, external components may be added allow- 
ing the output voltage to be adjusted precisely. External 
pass transistors may be added to increase the current handling 
capabilities of the regulator. These, and other applications 
are illustrated in Chapter 3. 
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VOLTAGE REFERENCE 


Temperature compensated Zener diodes are normally used 
as reference elements in IC voltage regulators; however, 
these diodes exhibit breakdown voitages above 6 V, thus im- 
posing a lower limit on the input voltage to the regulator. 
Zeners also require excessively tight process controls to 
maintain a satisfactory tolerance for any nonadjustable 
(3-terminal) application. 


A voltage reference which does not use a Zener diode has 
been developed from the predictable temperature, Current 
and voltage relationships in an emitter base junction. To 
obtain a temperature compensated reference voltage, the 
positive temperature coefficient of an emitter base voltage 
differential between two transistors operated at different 
current densities is added to the negative temperature co- 
efficent of emitter base voltage. Figure 2-2 shows such a 
reference. Transistor Q1 operates at a considerably higher 
current level than Q2 and the emitter base voltage differen- 
tial is amplified by the voltage gain of transistor Q2. 





Fig. 2-2 Voltage Reference Based on Base-Emitter Voltage 


The reference voltage can be expressed as follows. 


Vree = VBe3t !ca2 R2+ Ipag3 R2 


R2 
WEP V BES? 23% BE)* Baa 
R2 /KT JI 
VREF VBe3te, \ ay Bea 


R2 KT R2 
VREF = VBE3* 33 = Li 


where J is current density. 


By selecting the resistor ratios R2:R3 and.R2:R1, a low volt- 
age, temperature compensated reference is obtained. 


Figure 2-3 shows a simplified schematic of the actual circuit 
used in the regulator. Transistors Q4, Q5 and Q6 are added 
to increase the reference level to 5 V. 








Fig. 2-3 Simplified Circuit for the Regulator 


The reference then becomes: 


’ Vv . . . R2 of R2 
; = + + + + — ——tLN-— 
REF BE3 BE4 BE5 BE6 R3 q R4 


Resistors R1, R2 and R3 are selected so that the reference 
voltage is constant over the temperature range and also has 
a nominal value of 5 V at room temperature. 


An extremely tight reference voltage tolerance is, therefore, 
obtained without special process controls. This is because 
base emitter characteristics are better understood and more 
predictable than Zener references. Also, monolithic circuits 
lend themselves more readily to resistor and transistor match- 
ing. An external adjustment to trim output voltage is unneces- 
sary in most applications. An additional benefit is that this 
reference has low noise output compared to a Zener reference, 
thus eliminating the need for a large bypass capacitor to 
remove noise. 


ERROR AMPLIFIER 


An error amplifier (see Figure 2-7) compares the output feed- 
back signal with the voltage reference and corrects the out- 
_ put by the amount of the error. The regulator circuit shown 
in Figure 2-3 has the error amplifier combined with the volt- 
age reference. The advantage is that noise at the regulator 
output is minimized since the amplifier and reference are no 
longer separate sources of noise. In Figure 2-3, transistor Q3 
is used as the error amplifier; and at the same time, its base 
emitter voltage is used as part of the reference. 


A current source is used as the active load to the error amp- 
lifier. A negative feedback path is provided through feed- 
back resistors R1 and R2. If the voitage at the output increases 
due to a reduction in load current, that voltage change is 
transmitted to the base of transistor Q3. Transistor Q3, then, 
conducts more, effectively reducing the base drive to the out- 
put transistor by current steering. The result is a decrease in 
output voltage, and this tends to correct the change in output 
voltage due to the load current change. As the loop settles, 
an equilibrium value at the output is reached. The output 
voltage is derived using the following formula. 


Output Voltage = Varr ( Sh | 
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Varying the resistor ratio R1 + R2:R2 yields different fixed 
output voltages. 


THERMAL OVERLOAD PROTECTION 


One of the benefits of including the series pass transistor on 
the chip is that it is then possible to incorporate both thermal 
and current overload protection. 


Low power IC regulators usually rely on current limiting for 
overload protection as there is no practical way to sense junc- 
tion temperature in a separate pass transistor. Excessive 
heating of the pass transistor, then, becomes one of the pri- 
mary failure mechanisms of these solid state regulators. A 
thermal overload protection circuit in a monolithic regulator 
which contains the pass transistor limits the maximum 
temperature of the transistor junction. This limiting is in- 
dependent of input voltage and the type of overload/degree 
of package heat sinking. 


The base emitter junction of a transistor limiter is used to 
sense the temperature of the chip. The temperature limiter 
normally is biased below its activation threshold so that it 
does not affect circuit operation. If the chip temperature 
rises to its maximum limit due to a load fault or other condi- 
tions, the temperature limiter turns on. This removes the 
base drive to the output transistors and shuts down the regu- 
lator, preventing further chip heating. 


FUNCTIONAL DESCRIPTION 


Figure 2-4 shows the equivalent schematic diagram of the IC 
regulator. Transistors Q1 through Q6 and resistors R1, R2 
and R3 constitute a 5 V, temperature compensated internal 
voltage reference for the regulator. The base emitter volt- 
ages of transistors Q3, Q4, Q5 and Q6 provide the negative 
temperature coefficient component of the output voltage. 
The voltage drop across R2 is the positive temperature co- 
efficient component. This is derived from the differential 
base emitter voltages across transistors Q1 and Q2, which 
operate at a current ratio of ©20 to 1. The output voltage 
of the regulator is determined by selecting a ratio from a re- 
sistor matrix which multiplies the reference voltage. The cur- 
rent required by the load is supplied from the input terminal 
through the series pass transistor Q17, driven by transistor 
Q16. Transistor Q3 is the gain stage providing regulation. 
its effective gain is increased by the pnp transistor Q11 
which acts as a buffer to drive the active collector load formed 
by the pnp current source transistor pair, Q8 and Q9. 


The current from Q8 and Q9 is set up by the current through 
resistor R1. During regulator turn on, the current in R1 flows 
first through transistor Q13 — part of a start up circuit con- 
taining Zener diode D1, transistors Q12 and Q13, and re- 
sistors R5, R6 and R7. After the device is in regulation, Q13 
is biased off and the regulator takes over setting the current 
in R1, which now flows through Q5 and Q10. This start up 
circuit is required since the regulator which eventually is to 
supply the current in R71 is off during initial device turn on. 


Thermal limiting is accomplished by transistor Q14. The base 
of Q14 is clamped to7~0.4 V by the resistive divider string 
R5, R6 andR7 inthe start up circuit. As the junction tempera- 
ture rises, the turn on threshold of 014 decreases. At a junc- 
tion temperature of 175°C, transistor Q14 turns on and the 
base current drive to the drive transistor is removed. This 
shuts down the pass transistor and prevents further increases 
in chip temperature. 


or damage to metal interconnections due to abnormally high 
current density. Transistor Q15 and resistor R11 protect 
against instantaneous overloads by limiting output current. 
If the output current rises to a high level, the current through 
R11 will turn on Q15, thus shunting base current away from 
the driver transistor and preventing further increases in out- 
put current. 


To ensure that the output transistor operates within its for- 
ward safe area, a compensating network is included to limit 
the instantaneous power in the output transistor. When the 
voltage across the pass transistor exceeds 8 V, current 
through resistor R13 and diode D2 reduces the limiting cur- 
rent. As illustrated in Figure 2-5, the higher the voltage across 
the pass transistor, the lower the limiting current. 


OUTPUT CURRENT — A 





INPUT-OUTPUT DIFFERENTIAL VOLTAGE — V 


Fig. 2-5 Input-Output Differential vs Current Limit 





Fig. 2-4 Circuit Schematic of the 3-Terminal Regulator An MOS capacitor of 30 pF is incorporated on the chip to 


ensure stable operation without the need for a bypass capa- 


Whereas this form of thermal protection is effective for per- 
citor on the output. 


sistent overloads which would cause excessive chip tempera- 
ture, it is ineffective against instantaneous overloads which 
could result in a secondary breakdown of the pass transistor 


Table 2-1 shows the typical performance characteristics of 
the regulator. 


TEST CONDITIONS 
(VouT =5 V, Ty - 25°C, VIN =10V 


PARAMETER AND Igyt = 500 mA UNLESS CHARACTERISTICS 


OUTPUT TOLERANCE 
QUIESCENT CURRENT 
OUTPUT RESISTANCE 

LINE REGULATION 
TEMPERATURE DRIFT 
MINIMUM INPUT VOLTAGE 
OUTPUT NOISE VOLTAGE 
RIPPLE REJECTION 


THERMAL RESISTANCE 
(JUNCTION TO CASE) 


OTHERWISE SPECIFIED) 


f= 1 kHz 


7V <Vin < 25V 


-20°C < Ty < 125°C 
lout = 1A (.5 A for 78MO5) 
10 Hz <f < 100 kHz 

f= 120 Hz 


TO-3 PACKAGE 
TQ-220 PACKAGE 
TO-39 PACKAGE 


Table 2-1 Typical Characteristics (7805 and 78M05) 
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7805 


+4% 
4.2mA 
20 mQ2 
0.005%/V 
0.022%/°C 
7.0V 
40 pV 
78 cB 


4°C/W 
4°C/W 


78MO05 


t4% 
4.5 mA 
20 mQ2 
.0033%/V 
0.02%/°C 
7.0V 
40 pV 
80 dB 


5°C/W 
20°C/W 





TESTING PHILOSOPHY 3 except that nominal and peak output currents are 200 mA 
and 750 mA respectively, instead of 500 mA and 2.2 A for 

The 7800 series device is tested in a manner reflecting its the 7800 and 7800C. 

intended usage. The input/output voltage differential used to 

test each device in the series takes into.account.all the varia- 

tions in a nominal, unregulated dc source. 


For example, the 7812 is tested with a 7 V input/output dif- 


ferential which considers the following parameters and their Vo(max) > 

variations. 

@ Minimum device input/output differential _ Vin - Yo 

@ Power supply ripple Total 

@ Line voltage tolerance ; 

@ Diode drop variation and source impedance variations Line Variation = (10%) 
Table 2-2 presents the considerations resulting from the com- Total 


bination of all these factors and tolerances. 


Ripple = (10%) 


Therefore, not only is the 7812 tested with an additional 


guard band of 0.5 V (19 V total), but the input voltage Total 

range used for testing allows greater input voltage varia- 

tion than found in actual use conditions. Other devices in Rg and Vg = 
the 7800 series are tested with the same practical con- Total 
siderations. 


CONDENSED SPECIFICATIONS 


The electrical characteristics listed below pertain specifi- 
ically to the 7800 and 7800C series regulators. The 
78MO0O and 78MOOC series have similar characteristics Table 2-2 Derivation of Test Voltage 





ABSOLUTE MAXIMUM RATINGS (7800, 7800C) 


Input Voltage (5 V through 18 V) 35 V 
(24 V) 40 V 

Internal Power Dissipation (Note 1) Internally Limited 
Storage Temperature Range -65°C to +150°C 
Operating Junction Temperature Range 7800 -55°C to +150°C 
7800C O°C to +125°C 

Lead Temperature (Soldering, 60 second time limit) TO-3 Package | 300°C 
(Soldering, 10 second time limit) TO-220 Package 230°C 


ABSOLUTE MAXIMUM RATINGS (78M00, 78MOOC) 


Input Voltage (5 V through 15 V) . 35 V 

(20 V, 24 V) 40 V 

Internal Power Dissipation (Note 1) Internally Limited 

Storage Temperature Range | ~65°C to +200°C 
Operating Junction Temperature Range 

Military (78MOO) -55°C to +175°C 

Commercial (78MOOC) O°C to +175°C (TO-39), 

O°C to +125°C (TO-220) 

Lead Temperature (Soldering, 60 second time limit) TO-39 Package | 300°C 


(Soldering, 10 second time limit) TO-220 Package 230°C 


NOTE 1: Thermal resistance of the packages (without a heat sink) 


Junction-to-Case Junction-to-Ambient 
TOSS PACKAUG $8 ae dese Gee WG Swe See betas EAR ORs 4°C/W TOS Packages otiaa soaiasee eee ees PAP Oe Wenn ey re 35°C /W 
TO-220 Package ................... (78M00) 5°C/W, (7800) 4°C/W TO2220 Package gag es eed eke wk, Dae Carly BOSS ees 50°C /W 
TO~S9: PaGkage e325 sn oe ht ie he hoe Car weeeetaarewutes 20°C /W T0539 PaCKaGG .. e535 ov ass tA ee Ras £6 REN Cae eee 150°C /W 
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DROPOUT VOLTAGE AS A FUNCTION 
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ELECTRICAL CHARACTERISTICS | 
Vin = 10 V, tout = 500 mA, —55°C < Ty < 150°C (7805) 0°C < Ty < 125°C (7805C) unless otherwise specified 


PARAMETER CONDITIONS 


Output Voltage 
Line Regulation 
Load Regulation 
8.0 V (7.0 V for 7805C) < Vin <20V 


Output Voitage 5.0mA <louT <1.0A 
P<15W 


Ty = 25°C 


| with line | 8.0 V (7.0 V for 7805C) < Vin < 25 V 
Quiescent Current Changes -— 
with load 5.0mA <IloUuT <1.0A 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz Ce! 
Long Term Stability Po 
Ripple Rejection f=120Hz,8.0V<Vin < 18 V 
























4 
a 
as 
760 | 
(22d 
| cs 

: min 






Average TC of Output Voltage 





< 
louT = 5.0 mA, 0°C < Ty < 125°C (7800C) 


ELECTRICAL CHARACTERISTICS 
Vin = 11 V, lout = 500 mA, —55°C < Ty < 150°C (7806) 0°C < Ty < 125°C (7806C) unless otherwise specified 


PARAMETER ~ CONDITIONS 


Output Voltage 5.75 
load Regulation . = 25° 


9.0 V (8.0 V for 7806C) < Vin < 
Output Voltage 5.0 mA < louT <10A 
P< 15 W | 


9.0 V (8.0 V for 7806C) < Vin < 25V. 
Quiescent Current Change lL S 7s IN 


O1 
~J 
o1 


= > 
on) x< 


[Long Term Stability SST SCSC~S 
Average TC of Output Voltage 


< 
lout = 5.0 mA, OC < Ty < 125°C (7806C) | 


| 5.0 mA <loUT<1.0A 
Output Noise Voltage ; Ta = 25°C, 10 Hz < f < 100 kHz 


b 2 
a re) Uv 


o1 e 
~ 


ELECTRICAL CHARACTERISTICS 
Vin = 14V, lout = 500 mA, —55°C < Ty < 150°C (7808) 0°C < Ty < 125°C (7808C) unless otherwise specified 


PARAMETER CONDITIONS 


ee | 
: 10.5V<Vin <25V 
Line Regulation Ty=25°C 
11V<Vin <17V 
> | 5.0 mA <1 <1.5A 
Load Regulation T;=25°C UT 
. 250 mA < louT < 750 mA 


| 11.5 V (10.5 V for 7808C) < Vin < 23 V 





7808 














Output Voltage 5.0mA <louT <1.0A 





MIN 
Eee 
= 
—_ 
fe! 
P<15W 

[TviecentGurens i yess S—S | 
eer ce Es 

5.0 mA < lout <1.0A i 
[“OutpucNowe Vonage Ta 28C,19He< tatoo +t «dts 
[Long TermsiabiityOSSC—“—~sSOSC‘“‘CS;SSSOOOCOCSOSOSOCSOSSSCdSCSd 
| Dropout Voltage | tu = 10A,TY= 25°C 
[output Resistance ————SOSC—~dCi ne SOSOSCSid 
| ShortCircuitCurrent | TBC 
[Peak Oupurcunrent iP tums SCSC—C—~—SC*d 

[tout =5.0ma, OC = Tye 150 (7808) | __ 
° = 


louUT = 5.0 mA, 0°C < Ty < 125°C (7808C) 










Average TC of Output Voltage 


ELECTRICAL CHARACTERISTICS | | 
Vin = 19 V, lout = 500 mA, —55°C < Ty < 150°C (7812) O°C < Ty < 125°C (7812C) unless otherwise specified 


PARAMETER CONDITIONS 


Output Voltage | Ty=25°C 
tas , 7 14.5V <Vinjyy < 30V 
Line Regulation Ty=25C 
16V<Vin <22V 
| 5.0 mA < loyt <1.5A 
Load Regulation , | Ty=28°¢ and 
: ; 250 mA < IQUT < 750 mA 


15.5 V (14.5 V for 7812C) < Vin, < 27 V 


Output Voltage | 5.0mMA < louT <1.0A | 
P<15W 


Ty = 25°C | 
| 15 V (14.5 V for 7812C) < Vin < 30 V 
Quiescent Current Change ; 
| 5.0mA <loyT <1.0A | 
Ta = 26°C, 10 Hz < f < 100 kHz 
Long Term Stability | ee een 
Ripple Rejection f=120Hz,15V<Vin <25V . 


. 
< 


< 
Average TC of Output Voltage _ = 
louT = 5.0 mA, 0 C < Ty < 125 C (7812C) 
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ELECTRICAL CHARACTERISTICS 
Vin = 23 V, lout = 500 mA, —55°C < Ty < 150°C (7815) O°C < Ty < 125°C (7815C) unless otherwise specified 


Le 


| is[156| 144] 15 | 156] v 
[at [300 [mv 






J 
PARAMETER . CONDITIONS | a 
| Output Voltage Ty=25°C | 14.4] 
17.5 V <Vin < 30 V 
Line Regulation Ty = 25°C ib. i 
20V < Vin <26V | oe el 
‘ 5.0 mA < | <1.5A 
Gea Reauieeen Ty=25°C S.OmMA<louTS15A | {12 
18.5 V (17.5 V for 7815 C) < Vin < 30 V 7 
Output Voltage 5.0mA <IoyT <1.0A 14.25 15.75 114.25 15.75| Vv 
P<15W . 
















= 
< 


| 11 | 180° 

reo, [| 30 160] mv 
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Quiescent Current Ty= 25°C | || 44] 60° 

| with line 18.5 V (17.5 V for 7815C) < Vin < 30 V 
Quiescent Current Change : in aes 
withload | 5.0mA<IouT<1.0A 


Output Noise Voltage Ta = 25 C, 10 Hz < f < 100 kHz 
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; = 5.0 mA, 0°C < T; < 150°C (7815) mvV/°C 
Avease Cok deuie valiews OUT °C STs < 180°C { =1.0 | eee ee [a 
OUT = 5.0 mA, 0°C < Ty < 125°C (7815C) i! (-1.0{ ——_ [mv/°c | 


ELECTRICAL CHARACTERISTICS 
Vin = 27 V, lout = 500 mA, ~55°C < Ty < 150°C (7818) O°C < Ty < 125°C (7818C) unless otherwise specified 


PARAMETER CONDITIONS 
| ranaweren | coorrions MIN | TYP 


Output Voltage Ty= 25°C 17a] taf te7|i73[ 18 
| | og L2LV < Vin $33 V ae 
Line Regulation Ty=25C 
24 V < Vin <30V ae | 5.0_ 
5.0 mA < | <1.5A 
eae. ee ES 2 ae 
20mA<lour<70mA | | 
< 


7 
22 V (21 V for 7818C) < Viyy < 33. V 


































| 4.0] | 4.0 | 180 | 
Output Voltage 5.0 mA <loyt <1.0A 17.1 a es] 
P<15W 

Tauiescont Curent tyne SSSSSd as | so as P| 

inthis ee eeaeee ete TEE a ae 

[| withload | 50OmA<iour<10A ss | tt | mA _| 

[Output Noise Voltage | TAH 25°C, 10HZ<F<icokHz == | S| to] | | tt | 

|__LongTermStability | —(i‘“‘CS*S*S™*S™S*~*srSC“‘(RR id ee | 

| Ripple Rejection | SF 120H2z,22V<Vin<32V_ CTC] | 53) 69 | | BC 

[Dropout Voltage SS~S tg = T= BSTC —CSC~“‘*‘“‘“dSSC*d=Codt’~S=*dSCié no] dS 

[ouput Resistance tee COC Sei 

|_ShortCircuitCurrent | Tyee es  C—“‘“C;NOCLCOCOC(#*C«CQOOLCCSTsC | 200 | S| ma 

[Peak Output Current ———SSCSiC tyes SOSCS~—SSSC‘id asf de 

verage TG of Ou Vonage  LlOUT=80na Peete iocrerm | (rol | | | _|mvre. 
lout = 5.0 mA, 0°C < Ty < 125°C (7818C) Pf P| 
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ELECTRICAL CHARACTERISTICS 
VIN = 33 V, lout = 500 mA, —55°C < Ty < 150°C (7824) 0°C < Ty < 125°C (7824C) unless otherwise specified 


7824 7824C 
PARAMETER CONDITIONS x UNITS 



















Output Voltage 


Quiescent Current 


: 28 V (27 V for 7824C) < Viyy < 38 V 
Quiescent Current Change : 
with load 5.0 mA < louT < 1.0A 
Output Noise Voltage TA= 25°C, 10 Hz < f < 100 kHz 


5.0mA<IlouT <1.0A 
P<15W 

















< 
[tong Termswabiity PC 


| =5.0 mA,0C < T; < 150°C (7824 
Average TC of Output Voltage OUT ie 5 = 
louT =5.0 mA, 0 C < Ty < 125 C (7824C) 
INCHES 


NOTES: 

Leads 1 and 2 electrically 
isolated from case 

Case is electrically connected 
to common 

Leads are gold-plated copper 
cored kovar 

Package weight is 7.4 grams 


2 Places 
COMMON LEAD 3 J 


INPUT LEAD i 


TACT TIO NOONWADYD 


INCHES MILLIMETERS 


SECTION X - X 
e's 
A 
+t+-Q 
Mounting tab is electrically 
connected to common 
Package is molded with nickel- 


plated copper tab and leads 
Package weight is 2.1 grams 


OVOZSrFAC-TOMmMOINDDyYD 





Fig. 2-8 JEDEC TO-220 


Fig. 2-9 JEDEC TO-39 


OUTPUT 
VOLTAGE 


5V 
7800/7800C ce 
8V 

12V 

15V 

18 V 

24V 





Fig. 2-10 Ordering Information 


OUTPUT 
VOLTAGE 


5V 
6V 
8V 
12 V 
15 V 
20 V 
24V ° 


78M00/78MOOC 


Fig. 2-11 Ordering Information 


NOTES: 


Leads are gold-plated over 
nickel-flash on steel 


Lead 3 connected to case 
Low thermal resistance 
Package weight is 0.76 gram 


TYPE 


78M05 
78M06 
78M08 
78M12 
78M15 
78M 20 
78M24 


TO-3 


PART NO. 


7805KM 
7806KM 
7808KM 
7812KM 
7815KM 
7818KM 
7824KM 


TO-39 
PART NO. — 


78MO5HM 
78MO6HM 
78MO8HM 
78M12HM 
78M15HM 
78M20HM 
78M24HM 


fC -IroO moowopyYp 


TYPE 


7805C 
7806C 
7808C 
7812C 
7815C 
7818C 
7824C 


INCHES 
TYE 


TO-3 


PART NO. 


7805KC 
7806KC 
7808KC 
7812KC 
7815KC 
7818KC 
7824KC 


TO-39 


TYPE 


78MO5C | 


78MO6C 
78MO8C 
78M 1 2C 
78M15C 
78M20C 
78M24C 


PART NO. 


78MO5HC 
78MO6HC 
78MO8HC 
78M 1 2HC 
78M15HC 
78M20HC 
78M24HC 


MILLIMETERS 


TYP 





- TO-220 


TYPE 


7805C 
7806C 
7808C 
7812C 
7815C 
7818C 
7824C 


PART NO. 


7805UC 
7806UC 
7808UC 
7812UC 
7815UC 
7818UC 
7824UC 


TO-220 


TYPE 


78MO05C 
78MO6C 
78MO08C 
78M12C 
78M15C 
78M20C 
78M24C 


PART NO. 


78MO0O5UC 
78MO6UC 
78MO8UC 
78M12UC 
78M15UC 
78M20UC 
78M24UC 





NOTE: For more detailed information on the 78MOO Series Voltage Regulators — refer to the 78MOO Data Sheet. 
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CHAPTER 3 
7800/78M00 Positive, 3-Terminal Voltage Regulator Applications 


BYPASSING 


The monolithic 3-terminal regulator is particularly attractive 
in providing local on-card regulation because of the small 
number of external components required by the regulator. 
In the simplest, fixed output voltage application, a bypass 
capacitor of at least 0.22 pF placed across the regulator input 
terminals is all that is required to ensure stable operation. 


The regulator output does not require bypassing for normal 
operation, although additional capacitance does improve the 
transient response of the supply. The regulator output 
impedance, typically less than 50 mQ up to 1 kHz, increases 
as a function of frequer:cy above 10 kHz. This is due to the 
‘gain of the regulator error amplifier rolling off above this 
frequency. A large tantalum capacitor of 47 uF connected 
across the regulator output terminals will maintain a low out- 
put impedance up to 1 MHz. If fast switching loads are to 
be driven, a ceramic capacitor should be placed in parallel 
across the tantalum to compensate for the rising impedance 
of the tantalum above 1 MHz. If such switching loads are 
distributed over a large area, the ceramic bypasses should 
also be distributed to minimize the isolating effects of wire 
inductance. 


THERMAL CONSIDERATIONS 


The thermal characteristics of the voltage regulator chips and 
packages determine that some form of heat sinking is manda- 
tory whenever the power dissipation exceeds 1 W for the 
TO-39 package, 2 W for the TO-220 package, or 3 W for the 
TO-3 package. These basic characteristics are listed in 7ab/e 
3-7 and are shown graphically in Figure 3-7. 


SERIES 7800C 
PACKAGE TO-3 


Maximum Junction Temp- 
erature, T ymax) 


Minimum Ambient Temp- 
erature, Ty(min) 


Thermal Resistance, Junc- 
tion-to-Case, 8 jc 


Thermal Resistance, Junc- 
tion-to-Ambient, 9 ja 


Maximum Allowable Dissi- 


15 
pation, Pp (max) 9 15 


7800C 78MO00 
TO-220 TO-39 TO-39 


From the table, maximum permissible dissipation without a 
heat sink is derived by 


TJ (max)—-TA 
OJA 


where Ta, is the maximum ambient operating temperature. 
If the average dissipation of the device in question exceeds 
this figure, a heat sink will be required. The thermal resis- 
tance necessary for the heat sink may be found from 


TJ (max)—TA 
OHs= —————_ -8c 
PDH © 


where Ta is the maximum ambient operating. temperature 
and Pp is the maximum average dissipation of the device in | 
no case to exceed Prymax) SHS is the thermal resistance 
of the heat sink to ambient, and includes the package/heat 
sink interface. Commercially available heat sinks are usually 
well characterized for this information. However, if a chassis 
or other convenient surface is to be used as the heat sink, use 
Figure 3-2 to estimate the required surface area for a variety 
of commonly used materials. Surface area refers to both 
sides of the heat sink material. 


As a further aid in determining which package/heat sink com- 
bination is best suited to a given application, the following 
nomograph (Figure 3-3) solves for Oj from basic current, 
input/output voitage differential and ambient temperature 
information. The package thermal resistances have been 


78MOO0C 78MOO0C 


TO-220 Units 
°C 


°C 


15 


Temperatures shown in the table are operating temperatures. 


Storage temperatures are -65°C to 150°C for 7800 and 7800C, 
-65°C to 200°C for 78MO0 and 78MOOC 


Table 3-1 Basic Thermal Characteristics 








MAXIMUM AVERAGE POWER 
sees DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 


(TO-3, 7800) 


AVERAGE POWER DISSIPATION — W 





.4 
25 _ 75 125 150 
AMBIENT TEMPERATURE — °C 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-39, 78M00) 


AVERAGE POWER DISSIPATION — W 





0.1 
25 50 75 100 125 150 
AMBIENT TEMPERATURE — °C 


Fig. 3-1 Maximum Average Power Dissipation | 


SURFACE AREA SQUARE INCHES 


8 10 15 20 25 30 40 5060 80 


THICKNESS | . 
3/32” 
3/16” 
THICKNESS 
3/32” 
3/16” 
THICKNESS 
3/32" 


3/16” 


THICKNESS 


3/32” 
THERMAL RESISTANCE IN °C/W 


NOTE: 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-3, 7800C) 


sem 
| ar 


WITH HEAT SINK 
OF 10°C/W 


AVERAGE POWER DISSIPATION — W 





1 
25 50 75 100 125 150 
AMBIENT TEMPERATURE — °C 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-39, 78MO00C) 


AVERAGE POWER DISSIPATION — W 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF . 
AMBIENT TEMPERATURE 
(TO-220, 7800C) 


WITH 10°C/W HEAT sneSL A} 


“25 100 125 150 
AMBIENT TEMPERATURE — 





MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-220, 78MOOC) 


AVERAGE POWER DISSIPATION — W 


AMBIENT TEMPERATURE — °C 


COPPER, 


1 HORIZONTALLY - 


MOUNTED 


COPPER, 
VERTICALLY - 
MOUNTED 


ALUMINUM, 
HORIZONTALLY - 
MOUNTED 


ALUMINUM, 
VERTICALLY - 
MOUNTED 


To determine either area required or thermal resistance 
of a given area, draw a vertical line between the top 


(or area) line down to the material of interest. 





Fig. 3-2 Heat Sink Material Selection Guide 


INFINITE HEAT SINK ie ae 
2) Se KN See Sa Mes 
|__| 





AVERAGE POWER DISSIPATION — W 





0.1 
25 50 75 100 125 150 
AMBIENT TEMPERATURE — °C 


superimposed on the © ja line E. If the required © j, is less 
than @ jc for a package, then that package cannot be con- 
sidered; for even if an infinite heat sink were possible, the 
junction temperature would exceed 125°C. If the required 
8 Ja is greater than © ja for a package, that package may be 
used without a heat sink. In all other cases a package/heat 
sink combination is necessary. Subtract © jc for the prefer- 
red package from the required © j, to arrive at the necessary 
heat sink thermal resistance Oycs. 


The nomograph is based on a maximum junction temperature 
of 125°C. This will result in conservative figures for © ya for 
the 78MO0O and 78MOOC in the TO-39 package as Junction 
temperatures up to 175°C are permissible in these cases. 


To use the nomograph, select the maximum load current on 
Line A and the maximum input/output voltage differential 
on Line D. The line joining these points intersects Line B at 
a point representing the maximum power dissipation. Join. 
this Line B intersection to a point on Line C representing 
the maximum expected ambient temperature. Extend this 
line so it intersects Line E. The Line E intersection represents 


A 
MAXIMUM 
CURRENT 
A 


B 
POWER 
DISSIPATION 

WwW : 


0.5 


0.4 


0.3 


0.2 


0.06 


0.04 


0.02 - 





0.01 


Fig. 3-3 Package/Heat Sink Nomograph 


the total junction-to-ambient thermal resistance required for 
the particular application. If the Line E intersection falls 
above the junction-to-ambient thermal resistance, 0 ja, no 
heat sink is required. 


To determine the thermal resistance of a haat sink, subtract 
the junction-to-case thermal resistance, © jc, of the selected 
package from the line E intersection: 


@ For TO-39, subtract 20°C/W 

@ For TO-3, subtract 4°C/W > 

@ For TO-220, subtract 4°C/W 

Example 

Choose a regulator to supply 275 mA (max) with an input/ 


output voltage differential of 6 V (max) at an ambient temper-. 


ature of 50°C (max). Join the 275 mA point on Line A to the 
6 V point on Line D. The intersection with Line B gives a 
power dissipation of 1.7 W. Join 1.7 W to the 50°C point on 
‘Line C and extrapolate to an intersection with Line E. This 
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D 


MAXIMUM 
INPUT/OUTPUT 
VOLTAGE DIFF. 
Vv 
32 
30 E 
THERMAL 
25 RESISTANCE 
JUNCTION TO 
AMBIENT 
20 °C/W 
BJA 
FOR TO-39—e 150 
15 
. 100 
¢ 
AMBIENT Buk 
Up aree 10 FOR TO-220-—»» 50 
9 6 14 FOR TO-3 
25 JA 30 
50 
6 jc FOR TO-39 —m 20 
100 15 
110 =—s5 -. 
115 10 
120 
@jc FOR TO-3 . 5 
AND TO-220—a» 
124 
2 2 


gives a total junction-to-ambient thermal resistance require-. © 
ment of 45°C /W. There are three regulator package choices. 


-@ ATO-39 package with a heat sink of 25°C /W thermal resis- 


tance (subtract 20°C/W 6 jc) 


@ A TO-220 package with a heat sink of 41 °C/W thermal 


resistance (subtract 4°C/W 6 jc) 


@ A TQO-3 package with no heat sink (45°C/W falls above 
95a for the TO-3). 


TYPICAL APPLICATIONS 


The versatility of the 7800 family of regulators may be in- 


creased beyond the basic 3-terminal use by the addition of 
external components. The following applications contain 
circuits which cover the range of 0.5 V to 30 V output, and 
output currents in excess of 10A. Note that apart from power 
considerations, the 7800 and 78MO0 devices are interchange- 
able in all applications. 





Fixed Output Regulator 


In this basic application, Figure 3-4, the last two digits of the 
device code specify the nominal output voltage. The insulat- 
ing washer normally used when heat-sinking a power tran- 
sistor may be omitted when mounting the regulator since the 
case of the device is at ground potential here. This is true un- 
less circulating ground currents are a problem. 


pA78XX 
uA78MXX 


*Although no output capacitor is needed for stability, it does improve tran- 
sient response. 


**Required IF regulator is located an appreciable distance from power supply 
filter. 


Fig. 3-4 Basic Fixed Output Regulator 


Negative Output Voltage Regulators 


If a fully floating transformer/rectifier/filter is available, the 
3-terminal regulator may be used to supply a negative output 
voltage simply by grounding lead 2 and taking the output 
voltage from lead 3. In this case an insulating washer is re- 
quired when mounting the regulator onto a grounded heat 
sink or chassis, since the case is at the same potential as the 
output voltage. (See Figure 3-5a.) 


When a floating input is not available, the circuit shown in 
Figure 3-5b supplies a negative output voltage from bipolar 
supplies. The positive voltage source must be able to provide 
the base current requirements of the npn series pass device. 
If this current requirement is excessive, a Darlington npn 


series pair should be used to reduce the current requirement _ 


to acceptable levels. With this approach, very high currents 
can be regulated with a minimum of parts by using the full 
output current of the 3-terminal device and scaling the cur- 
rent and power capabilities of the other active devices 
accordingly. 


YA7BXX 
pA78MXX 


AC INPUT 


/ pA78XX 
uA78MXX 


Fig. 3-5 Negative Output Configurations 








Current Regulator 


The circuit shown in Figure 3-6 supplies a regulated current 
to a load, its value being determined by an external resistor. 
The minimum input/output differential in this application is 
(minimum regulator input/output differential voltage) + 
(maximum regulator output voltage). For currents up to 1 A, 
O°C to 70°C, this voltage is typically 2.2 V + 5.25 V, or 
7.45 V. | 


pA7805 


pA78M05 | 


5.0 V 


Output Current = 
R1 





Fig. 3-6 Basic Current Regulator | 


High Current Voltage Regulators 


Currents in excess of the output capabilities of the basic regu- 
lator can be obtained with the circuit shown in Figure 3-7a. 
The value of R1 determines the point at which Q1 begins to 


conduct and hence bypasses the regulator. This supply can be 


protected against a short circuit load by adding a short Circuit 
sense resistor, R2, and a pnp transistor Q2, as in Figure 3-7b. 
In this circuit Q2 must be able to handle the short circuit cur- 
rent of the regulator, since when Q1 is bypassed, the regulator 
goes into its short-circuit mode. : 


Foldback current limiting may be provided for the external 
power device by adding resistors R3 and R4 (Figure 3-7c). 


Qi 
2N3789 


pA78XX 
pA78MXX 


ai 
2N4398 


uA78XX 
pA78MXX 


pA78XX 
pA78MXX 





Fig. 3-7 High Current Regulators 


Variable Output Voltage Regulators 


In Figure 3-8a a voltage pedestal is developed across R2, 
which is then added to the normal regulated output Vy x, 
such that 


R2 
Vo = Vxx (: =) + IQR2 


The current through R1 should be set much higher than the 
quiescent current Ig to minimize the effects of the change 
in lq which occurs with a change in Vjn. 


yA78XX 





Fig. 3-8a Basic Application 


A modification (Figure 3-8b) provides a continuously vari- 
able output in the range of 7 to 30 V. A pA741 amplifier 
buffers the pedestal voltage across R2 from the regulator 
quiescent current. This removes the interaction of |g and Vo. 


V V (. =) Vc 5(1 ie )v 
= Pie hg ee = 5 Sarees 
O xX == O = 


Supply regulation is the same percentage per parameter 
change as for the basic 3-terminal device used. Care must 
be exercised under heavy load/short circuit conditions be- 
cause it is possible for the regulator output to become reverse- 
biased with the internal thermal shutdown feature inoperable. 


10 V<+Vin<35V 


Fig. 3-8b 7-To-30 V Regulator 


For adjustable outputs in the range 0.5 to 10 V, Figure 3-8c 
may be used. A negative supply, -Vjq, is required to allow 
adjustment to the lower output voltages. 


ie nace (beg ee ( ini 
= ———  } or0O. +— )V. 
2 we 11 R1 R1 


yA7805 
pA78M05 


-7 V< -Vin <-17V 
¢ 


Fig. 3-8c 0.5-To-10 V Regulator 








Dual Polarity Regulators 


Dual polarity regulators supply both positive and negative | 
output voltages from either positive, negative, or single float- 
ing input voltages. 


In Figure 3-9a, a 7800 or 78MOO series regulator estab- 
lishes the positive output voltage. A pA741 operational amp- 
lifier is then used as an inverting amplifier to provide the 
negative output voltage. It is necessary to have bipolar input 
supplies referenced to the common terminal. The pA741 
always drives the negative output to a voltage that maintains 
the junction of R1 and R2 very close to zero volts, 


0" (B)() 


As shown, in Figure 3-9a, with R1 = R2 = 4.7 k§2 equal bi- 
polar output voltages will be generated. Note that the nega- 
tive output will track the positive output (that is, any change 
occurring at the positive output will appear, inverted, at the 
negative output), but. the positive output will not track 
changes generated at the negative output. This unidirection- 
al tracking is also common to all monolithic IC tracking regu- 
lators, such as the 7600 series. 


An improved, dual polarity regulator is shown in Figure 3-9. 
Here a 7800 or 78MOO series regulator provides the total 
output voltage from a single, floating input. A pA741 opera- 
tional amplifier with a complementary emitter follower 
output stage connected as a voltage follower is then used’ to 
generate a common output line at a level set by R1 and R2. 


Vo _ RI 
Vo —R2 


Again, with R1 = R2 = 4.7 kQ. as shown, equal positive and 
negative outputs are obtained. With this circuit, either out- 
put tracks changes occurring on the other. A limitation of 
this circuit is that the differential output current, i.e., that 
current which flows into or out of the common terminal, is 
limited to (Q1/Q2 hee) x (uA741 maximum current). How- 
ever, since with the components shown, this limit is typically 
in excess of 750 mA, and most loads exhibit a considerable 
degree of balance, which minimizes the differential current, 
this limitation is rarely met in practice. Another improve- 
ment in performance of this circuit over that of 3.9a is the 
superior line regulation on the negative output, due to the 
uA741 being supplied by a well regulated voltage. In Figure 
3-9a the yA741 is supplied directly from -Vjjy. 





Fig. 3-9a Dual Polarity Regulator 





pA78XX 
pA78MXX 


Fig. 3-9b Dual Polarity Regulator 
Switching Regulators 


A switching regulator may be used in those cases where the 
dissipation of a linear regulator is excessive. Figure 3-10 
shows that when power if first applied, current flows through 
R3 and the 7800 device to the output. As soon as the current 
generates a voltage drop sufficient to forward bias Q1’s base 
emitter junction, Q1 is driven toward saturation. The increase 
in voltage at the collector applies power through L1 to the 
load and provides positive feedback through R1 and R2 to 
assure a full switching action. As the output voltage ap- 





3-8 


proaches the sum of the 7800 regulated output plus the volt- 
age developed across R2, current flow through the 7800 
decreases. 


Input voltages in excess of the maximum input voltage rating 
of the regulator may be accommodated by the inclusion of a 
voltage dropping Zener (D1). This reduces the voltage appear- 
ing across leads 1 and 3 of the 7800 to an acceptable level. 


When the base current drops below the level required to keep 
Q1 in saturation, the collector voltage starts to decrease and 
the positive feedback loop completes the switching action. 


*See Text 





Fig. 3-10 Switching Regulator 
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CHAPTER 4 
79E00 Negative 3-Terminal Voltage Regulators 


INTRODUCTION 


The 79EOO series devices are 3-terminal negative voltage 
regulators specifically designed for emitter coupled logic 
(ECL) systems. Output voltages of -2.0 V (79E02) and -5.2 V 
(79EO5) are available. Each series is capable of providing 
output currents to 3 A, assuming adequate heat sinking. The 
Output voltage is internally trimmed to a +0.5% initial toler- 
ance, and maintains better than +2% for normally expected 
combinations of line, load and temperature variations. Com- 
plete protection is built into the 79EOO series through current 
limiting, thermal shutdown, and output transistor safe area 
protection. Internal trimming is accomplished by adjusting 
R1, part of a resistor network, which divides the output volt- 
age down to the voltage reference level of 1.3 V (Figure 4-7). 
The 79EOO is available in the TO-3 package for. both military 
and commercial operating temperature ranges. 


PROTECTION 
CIRCUIT 


SERIES 


PASS 
TRANSISTOR 





Fig. 4-1 79E00 Block Diagram 
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Fig. 4-2 79EOO Equivalent Schematic 
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FUNCTIONAL DESCRIPTION 


The equivalent schematic diagram of the 79EOO is shown in 
Figure 4-2. A forward biased diode reference circuit was 
selected for this regulator because of its low operating volt- 
age when compared with a Zener reference — therefore 
allowing a lower input voltage to be used. The high predict- 
ability of this type of reference also helps minimize the trim- 
ming required to achieve the specified output tolerance during 
manufacture. A very low voltage temperature coefficient is 
achieved by matching the amplified positive temperature 
coefficient of a differential base emitter voltage to the nega- 
tive temperature coefficient of a base emitter voltage. 


The -1.3 V generated by the reference circuit is compared by 
the error amplifier to the voltage at the R27/R28 junction, 
which is proportional to the output voltage. The stringent 
performance characteristics required of the negative regu- 
lator necessitates a multistage error amplifier with an open 
loop gain of 100 dB. The schematic of the error amplifier 
(Figure 4-2), in fact, closely resembles that of the yA741 
high performance operational amplifier. In addition to its 
high gain, it exhibits low offset voltage and offset voltage 
drift, low bias and offset currents and is frequency compen- 
sated by a single 30 pF capacitor. 


The error amplifier output drives the power Darlington tran- 
sistors Q23 and Q24, designed for peak currents of up to 4A. 
Short circuit current limiting is provided by Q22, which 
begins to conduct when a sufficiently high voltage is de- 
veloped across R20 by the output current, and diverts the 
drive current away from the base of Q23. Q21 senses the 
temperature of the chip and, at a junction temperature of 
approximately 165°C, its base emitter threshold voltage 
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equals the pre-biased voltage generated across R14. As 
Q21 begins to conduct, it also removes base drive from Q23 
and prevents further heating of the device. 


PARTS AVAILABILITY — TO-3 


OUTPUT 
VOLTAGE - TYPE CONDITIONS 


_ A safe area compensation. circuit is also incorporated on the 
chip to prevent secondary breakdown of the power transistor. 
As the collector emitter voltage of O24 increases, Zener 
diode D3 will begin conducting. The current through D3, at 
a level set by R21, provides a pre-biased level to the base of 
current sense transistor Q22. This lowers the current limit 
as a function of input/output differential voltage. 


-2.0V 79E02 Operating junction temperature 
-5.2V 79E05 -55 to 150°C 


-~2.0 V 79EO2C Operating junction temperature 
-5.2V 79EO5C Oto 150°C 





Typical Performance Characteristics 79EO2 and 79E05, Ty = 25°C, Vin = -8.5 V, IQut = 2 A, unless otherwise noted. 
PARAMETERS | CONDITIONS TYPICAL UNITS 
INPUT VOLTAGE | -7.5 TO -15.0 Vv 


OUTPUT VOLTAGE CHANGE -7.5V< Vin < -9.5V 
: 1A S loyt S 2A +100 mV 
25°C < Ty S 125°C 


LINE REGULATION | -75V< Vy < -9.5V 2 mV 
LOAD REGULATION [R= pg 2k | mV 
OUTPUT VOLTAGE TeMPCO. | 25°C < Ty < 125°C 

QUIESCENT CURRENT 

OUTPUT NOISE VOLTAGE 100 Hz < f < 100 kHz 

OUTPUT CURRENT, (MAX) 





Table 4-1 Performance Characteristics of the 79E00 Regulators 
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NOTES: 

Leads 1 and 2 electrically 
isolated from case 

Case is electrically connected 
to common 

Leads are gold-plated copper 
cored kovar 

Package weight is 7.4 grams 
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Fig. 4-3 JEDEC TO-3 
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IN THIS CHAPTER: 


@® BYPASSING 
@® THERMAL CONSIDERATIONS 
@ TYPICAL APPLICATIONS 


CHAPTER 5 
79E00 Negative 3-Terminal Voltage Regulator Applications 


BYPASSING 


Since the 79EOO series of regulators uses an npn transistor 
as the internal series pass device (a configuration with volt- 
age gain), external compensation is required. The minimum 
requirement to ensure stability is a 10 pF tantalum capacitor 
placed across the regulator output terminals. 


When ECL systems are used without transmission lines, it is 
normal to have the complementary outputs loaded with pull 
down resistors, typically 51002 to -5.2 V. In this case, logic 
One and logic Zero load currents are approximately 8.7 mA 
and 7.0 mA, respectively. However, due to the excellent 
matching between the complementary outputs, the power 
supply drain remains essentially constant regardless of the 
logic state or speed of operation. Small systems may be ade- 
quately bypassed by a 10 pF tantalum capacitor placed across 
the power supply input. The capacitor across the output of 
the regulator will serve this purpose in on-card regulator ap- 
plications. Larger systems require ceramic capacitors dis- 
tributed among the ECL devices, typically 0.01 pF to 0.1 pF 
every four or five packages. 


ECL systems used with transmission lines have effective loads 
of typically 50922 to a separate -2.0 V supply. This represents 
a 22 mA load current in the logic One state, and 6 mA in 
logic Zero state. This 16 mA differential current between the 
two states can produce significant load current transients. 
In such systems it is recommended that ceramic bypass ca- 
pacitors, 0.01 uF to 0.1 uF are used every four or five ECL 
packages on both the -2.0 V and -5.2 V supplies. This is in 
addition to the 10 uF tantalum capacitor across the output of 
an on-card regulator. 


THERMAL CONSIDERATIONS 


The thermal characteristics of the 79EOO series devices are 
very similar to those of the 78XX series regulators in the 
TO-3 package, and information contained in Chapter 3 is 
applicable to heat sink design for 79EOO regulators as well. 


A further consideration is that the case of the 79EOO regu- 
lator is at the most negative potential available, i.e., the 
input; therefore, an insulating washer must be used when 
mounting the package to a grounded heat sink. 


TYPICAL APPLICATIONS 


Basic 3-Terminal Regulator 


Figure 5-7 illustrates the minimum external compensation 
necessary to ensure stability. With adequate heat sinking, 
the regulator has a useful output current range of 50 mA to 
3 A at input/output differential voltages up to 5 V which 
drops to 1 A at input/output differential voltages of 15 V due 
to safe area compensation. The 0.47 pF input bypass capaci- 
tor is required if the regulator is located some distance from 
the filter capacitors of the de supply, —Vjpy. 


4 


5-3 





Fig. 5-1 3-Terminal Regulator 


High Current Negative Voltage Regulators 


Higher output current may be obtained by adding an npn— 
bypass transistor, as in Figure 5-2; circuit 5-2b incorporates 
short circuit protection for the bypass transistor. Resistor R1 
sets the point at which transistor Q1 conducts and bypasses 
the regulator. As shown in circuit 5-2b, resistor R2 sets the 
point at which Q2 begins to conduct, bypassing Q1, thus 
limiting the current that can be drawn by the load. With a 
short circuit load, Q1 is cut off and the regulator will supply 
its short circuit current to the load. Transistor Q2 must be 
capable of supplying this current to the regulator. 


Qi 


Qi 
2N5301 


Q2 2N6121 





Fig. 5-2 High Current Negative Voltage Regulators 
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CHAPTER 6 


78LOO Low Current Positive Voltage Regulators 
7600 Dual Polarity Tracking Voltage Regulators 


INTRODUCTION 


The 0.5 A (78MOO), 1.0 A (7800) and negative (79E00O) 
regulators described in previous sections fulfill a large por- 
tion of central and remote on-card power supply applications. 
However, as further applications demand it, Fairchild will 
extend the 7800 family. For example, the first such series 
will be the 78LOO series of positive regulators covering low 
current applications up to 100 mA, and the 7600 series of 
dual polarity tracking regulators. 


78LOO DESCRIPTION 


The 78LO0 series of regulators employs circuitry similar to 
the 78MOO series except that the series pass transistor is 
smaller due to the lower current handling capability required. 
The resulting smaller chip size enables the 78LO0 to be pack- 
aged in the TO-92 case. This is a popular, low cost molded 
package borrowed from the discrete transistor line. It will 
also be available in a metal can similar to TO-39. 


As with the 78M0O0 series, the 78LO0 includes output current 
limiting and chip temperature limiting features. Useful out- 
put current extends to 100 mA. Initial output voltage toler- 


VIN Vo 
«— Zo 
2 


Zo(typ) TC(typ) 
I7=5 mA I7=5 mA 


-1.5to- 2.5 


+1 tot 3 
+5 tot+10 
+6 tot+12 





ance is similar to the 78MOO series. Typical output voltage 
change is 1.0% with input voltage variations, and 1.0% with 
5 mA to 100 mA load variation. Available output voltages 
include 5.0 V, 12.0 V and 15.0 V for applications in test 
equipment, digital panel meters, and general purpose indus- 
trial and consumer small system power supply applications. 
Output voltages of 2.6 V and 6.2 V are also available for low 
cost Zener diode/resistor combination replacement. 


In this application, the 78LOO provides superior performance 
to the standard 400/500 mW ranges of Zener diodes (IN746 
series and IN5221 series). A comparison is made in Figure 
6-7. Note that a Zener diode/resistor combination can 
supply a load current of 17 mA with a quiescent current of 
20 mA, whereas the 78LOO can supply up to 100 mA load 
current with a quiescent current of 5 mA. The effective out- 
put impedance of the 78LOO is typically two orders lower 
than that of the Zener diode. At l7 = 5 mA, the temperature 
coefficient of the 78LOO is equal to, or better than, that of the 
Zener diode, and output noise voltage is reduced when using 
the 78LOO. . 





Zo(max) TC(typ) 
lo =5 mA lo =5 mA 


NOTE: For more detailed data on the 78L00 Series devices — please refer to the 78L00 Data Sheet. 


Fig. 6-1 78LOO as a Resistor/Zener Diode Replacement 





7600 DESCRIPTION 


The. 7600 series of dual polarity tracking regulators provides 
positive and negative regulated output voltages at currents 
up to 100 mA. The principle of operation is itlustrated in 
the block diagram, Figure 6-3. A temperture stabilized, 


negative biased reference voltage, -Vp, is applied to the neg- - 


ative error amplier, connected in a non-inverting mode such 
that its output, 


/R1+R2 
-Vo= ( R1 aR 


The positive error amplifier is used in an inverting mode, 
referenced to ground, with -Vo as its input, and its output 


+VO =— (=) (-Vo) 


Devices are available with output voltages preset to +5 V, 
+12 V, £15 V, £18 V, +12/-6 V, +5/-9 V, and +5/-12 V. Pre- 
setting is achieved by internally trimming resistors R2, R3 or 
R4 during manufacture. In addition, outputs are adjustable 
over a +10% range by use of external components to shunt 
R1, R2, R3 or R4. : 


The output stage of each error amplifier is capable of supply- 
ing Output current up to, 150 mA and incorporates current 
limiting circuitry to protect the device against current over- 
loads. If necessary, the output current may be boosted by 
external npn power transistors. Thermal protection is also 
included on the chip to shut down the negative error ampli- 
fier. This in turn, shuts down the positive error amplifier if 
dangerous chip temperatures are reached. Both error ampli- 
fiers are internally frequency compensated to ensure stable 
operation. 


SEATING _ | 
PLANE 


[ ia "ie NOTES: 
Leads are tin-plated kovar 
; Package material is transfer molded 
thermosetting plastic 
Package weight is 0.25 gram 


NOTES: 

Leads are gold-plated kovar 
Lead 3 connected to case 
Low thermal resistance 
Package weight is 0.76 gram 





Fig. 6-4 Low-Profile TO-39 (78LO00) 
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The 7600 devices are intended for use as on-card regulators 
wherever dual polarity supplies are required. External com- 
ponents have been reduced to a minimum; in fact, the typical 
application requires one 7600 regulator, two 10 uF input 
capacitors, and two 0.5 pF output capacitors. With their load 
and line regulation of + 1%, they are well suited to supply 
power to operational amplifiers in precision analog systems. 
Other dual supply requirements include MOS systems and 
interface circuitry. Package availability includes the 10-lead 
TO-5 and the 14-lead power DIP. 


For more detailed information of the 7600 Series Voltage Regulators — 
refer to the 7600 Data Sheet. 





Fig. 6-2 7600 Block Diagram 
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CHAPTER 7 
uA723 Precision Voltage Regulator 


INTRODUCTION 


The pA723 is commonly regarded as a universal building 
block in power supply design. This section outlines the block 
diagram and those parts of the internal design which result 
in the flexibility required for this ‘universal’ label. 


In Figure 7-7a is the block diagram of the pA723 illustrating 
the various features which have been incorporated into the 
device — they are as follows. 


V+ © 
VOLTAGE 
REFERENCE j 
V-O 


@ 
NON- 


@ 
| VREF 
| INV. 





@ The internally generated reference voltage is directly avail- 
able in buffered form. 

® Both inputs of the error amplifier are available for use 
with other than positive grounded configurations. 

@ The collector of the internal series pass device is available 
at a separate lead on the package (Vc). 

@® Voltage level shifting is available (V7 output) through an 
internal Zener diode (14-lead DIP version only). 


a. Block Diagram 


{V-+8 V) 


NON- 
INV, 


VREF | 





b. Simplified Schematic 
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_c. Equivalent Schematic 


Fig. 7-1 A723 Precision Voltage Regulator 





FUNCTIONAL DESCRIPTION 


Circuit operation may best be described with the aid of the 
simplified schematic in Figure 7-7b. Bias supplies for the 
entire circuit are obtained by first generating a stabilized 
voltage with respect to the V+ line across Zener diode D1, 
which is supplied with a constant current Il,. This voltage is 
then used to derive the bias voltage which controls current 
sources I5 and I3. 


The basic reference element of the voltage reference supply 
is the Zener diode D2 which has a typical breakdown voltage 
of 6.2 V at 200 wA and a typical temperature coefficient of 
+2.4 mV/°C. Its operating current is set by R8. However, 
Vref actually consists of D2 breakdown voltage pilus the 
base emitter voltage of Q6. From the basic relationship be- 
tween the base emitter voltage of a transistor and its collec- 
tor current, it is found that the temperature coefficient of 
base emitter voltage is a function of collector current. There- 
fore, in the voltage reference supply, the temperature coef- 
ficient of Q6 base emitter voltage is set by current source I9 
to cancel the temperature coefficient of D2, giving a typical 
reference voltage of 7.15 V with a nominal temperature co- 
efficient of zero. In addition to providing current for D2, tran- 
sistor Q5 provides the necessary buffering to allow current 
to be taken from the Vper terminal for certain applications. 


In the error amplifier, Q11 and Q12 form a differential pair 
of transistors driven by a current source 2 x lg. The active 
load for Q12 is a pnp current source I3; therefore, in a bal- 
anced condition, i.e., when Q11 and Q12 base voltages are 
equal, Q11 and Q12 collector currents are both equal to I3. 
Q11 collector is returned to a stabilized voltage source in the 


reference supply to maintain high line rejection in the- 


amplifier. Ig is set to approximately 160 yA. In operation 
Vrepf, or a voltage derived from Vper, is applied to the 
non-inverting input (Q11 base) and a voltage proportional to 
the desired output voltage is applied to the inverting input 
(Q12 base). When the feedback loop is closed via the pA723 
output stage and external bypass transistors, if used, the two 
error amplifier inputs are forced to a condition of balance, 
thus defining the output voltage in terms of Veer and the 
appropriate resistor ratios. 


The output stage consists of a double emitter follower (Q14- 
Q15) to prevent excessive loading on Q12 collector. - This, 
in conjunction with the high impedance of the active load 
(13), allows adequate gain to be obtained from the single 
stage amplifier. This also simplifies frequency compensa- 
tion with a single capacitor connected from Q12 collector 
(COMP terminal) to either Q12 base or ground being suffi- 
cient to provide stable operation in all applications. 


D3, a 6.2 V Zener diode, is available in the dual in-line pack- 
age for level shifting purposes. The allowable voltage range 
at Q12 collector to maintain lifear operation is from Viny 
to a maximum voltage (V- plus 2 V). Vijqy is also limited 
to a minimum voltage (V+ minus 1 V). In some applications 
the pA723 output voltage is required to be below this range, 
in which case D3 may be used to bring Q12 collector back 
into its linear region. . 


Q16 is available for current limiting purposes. When Q16 
base emitter junction becomes forward biased at a particu- 
lar level of load current by means of an external current sens- 
ing resistor, Q16 collector sinks most of the available cur- 


rent from the current source lg. This tends to cut off the . 


output stage, and limit output current. 
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The equivalent schematic of Figure 7-7¢ shows the imple- 
mentation of these functions. Q1 is an n-channel FET made 
with technology compatible with normal integrated circuit 
components. The use of an FET has two advantages. First, 
the fine regulation is greatly improved because the current 
drawn by Q1 is independent of power supply variations. 
Second, the power dissipation is minimized because the cur- 
rent drawn does not appreciably increase at large supply 
voltages. 





Fig. 7-2a Diode Connected Transistor Current Source 





Fig. 7-2b Logarithmic Current Source 





Fig. 7-2c High Output Impedance Current Source 


Transistors Q2, Q7 and Q8 form the current sources pre- 
viously discussed. The normal method of biasing these cur- 
rent sources is to use either a diode connected transistor (Fig- 
ure 7-8a) or a logarithmic relationship as shown in Figure 
7-2b. For this design, however, a very high output impedance 
is required to provide high line rejection and increase the 
gain of the error amplifier. In the configuration shown in 
Figure 7-2c, 


Veer tl {Rt -— Vee 


| = 
C2 R2 


In this case, a change in Vpe has only a small effect on the 
voltage across R2 and the collector current has been stabiliz- 
ed against changes in collector-to-emitter voltage. This then 
provides the necessary high output impedance. 


The current source produced by Q7 is “mirrored” by Q10 and 
Q13 to provide a current sink of value 2 x lg for the error 
amplifier. | 


To achieve a low Vp_er output impedance, transistor Q5 in 
Figure 7-1b has been replaced with a Darlington pair, Q4 
and Q5. Resistor R7 and MOS capacitor C1 are included on 
the chip to eliminate the need for an external compensa- 
tion of the voltage reference loop. 


The power output transistor Q15 is a multiple device using 
individual emitter current balancing resistors. This tech- 
nique increases the safe operating area and extends the out- 
put current capability to 150 mA. 


Absolute Maximum Ratings 
Pulse Voltage from V+ to V-, (50 ms) (723 only) 
Continuous Voltage from V+ to V- 
Input/Output Voltage Differential 
Voltage Between Non Inverting Input and V- 
Current from Vz 
Current from Vper 
Internal Power Dissipation* 
Metal Can 
DIP 
Storage Temperature Range 
Operating Temperature Range 
Military (723) 
Commercial (723C) 
Lead Temperature (Soldering, 60 seconds) 


CONDENSED SPECIFICATIONS AND PERFORMANCE 
CURVES 


The following electrical characteristics and typical perfor- 
mance curves are based on the test circuit in Figure 7-3. Note 
that CL refers to Current Limit, CS to Current Sense, and the 
sense voltage referred to in the performance curves is the 
voltage difference between terminals CL and CS. 


REGULATED 
OUTPUT 


(vo) 4 





Fig. 7-3 Basic Test Circuit 


50 V 
40 V 
+5 V 
+8 V 
25 mA 
15 mA 


850 mW 
1000 mW 
~65°C to +150°C 


-§5°C to +125°C 
O°C to +70°C 
300°C 


*Rating applies to ambient temperatures up to 25°C. Above 25°C ambient derate linearly at 6.8 mW/°C for the Metai Can. For the DIP, derate linearly at 


80 mW/°C above 25°C for 723C, above 50°C for 723. 
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BWAT23 


ELECTRICAL CHARACTERISTICS (See Note) 


PARAMETER | — CONDITIONS | MIN, TYP. MAX. UNITS 
oa = 0 
=< a fa) 
nVOUT 
(9) 


*VOUT 
*VOUT 


Line Regulation Ving =12V to V,,, =40V 


O [s) ae = 
—55 CST, S+125 C, Vin = 12M to VIN 15V 


1, =1mAtol, =50mA 
Load Regulation —_ L : 
—55 CST, St125 C, ri =1mA to ni =50mA 
; aoe f = 50 Hz to 10 kHz 
Ripple Rejection 
f = 50 Hz to 10 kHz, Creer = 5 pF. 





eas 
Average Temperature Coefficient 55°C <T. <4+125°C 0.002 %/°C 
of Output Voltage A 
hort Circuit Current Limit Rsc = 102,V out =9 Pf BB 
Reference Voltage a OS] A 7.36 
Output Noise Voltage REF (as pitms 
BW= 100 He to TO KH, Caer = SuF rs 
Long Term Stability COCO 00 
input Voltage Range a XS 
Input/Output Voltage Differential | ——=S~C<C~—“‘“‘“‘~;~;*;*‘;*‘“;*~S*SSC~*dSC*dSC“‘C#N’S#$C. CL OT VO 


LA723C 


ELECTRICAL CHARACTERISTICS (See Note) 


PARAMETER CONDITIONS PMN. | 
7 = 12V 0 V,=18V Pos 
V y= 12V to V ‘ie 40V 


0 CST, S70 C, Vin = 12V to Vin = 15V 


| =1mAtol, =50mA .03 
Load Regulation L. L. - - Hee 
oCST, S70°C, 1, = 1 MA tol, =50mA tal | 06 
Seer a 
Ripple Rejection — -- a 
= 50 Hz 1010 KH, Cee = Suk SS 
Average Temperature Coefficient oc<T. <70°C | 
of Output Voltage | A 
Short Circuit Current Limit Rsc = 10 2, Vout =9 ue 
B : 0 
: 5 

















Line Regulation 


ss 0: 
Reference Voltage 880 7-50 
Huipue Nome VERE a el ae 
ong Term Stability ot 000 rs 
nput Voltage Range ee ee el 


.O 
Input/Output Voltage Differential 






= 


Oo; sS: 





NOTE: 

Unless otherwise specified, Ta = 25°C, VIN = V+ = Ve = 12 V, V— = 0, Vout = 5.0 V, i = 1.0 MA, Rgc = 0, C1 = 100 pF, Crer =O and 
divider impedance as seen by error amplifier < 10 k{§2 connected. Line and load regulation specifications are given for the condition of constant 
chip temperature. Temperature drifts must be taken into account separately for high dissipation conditions. 
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LOAD REGULATION LOAD REGULATION LOAD REGULATION 
CHARACTERISTICS WITHOUT CHARACTERISTICS WITH CHARACTERISTICS 
CURRENT LIMITING CURRENT LIMITING WITH CURRENT LIMITING 


REGULATION — % Vo 
REGULATION — % Vo 


REGULATION — % Vo 
1 


OUTPUT CURRENT — mA OUTPUT CURRENT — mA OUTPUT CURRENT — mA 


. STANDBY CURRENT DRAIN 
CURRENT LIMITING AS A FUNCTION OF 
CHARACTERISTICS INPUT VOLTAGE 


Ta = 25°C 


ae 
| BBS ame 
A eae 


RELATIVE OUTPUT VOLTAGE — V 
STANDBY CURRENT — mA 


—_ 


OUTPUT CURRENT — mA INPUT VOLTAGE — V 





Fig. 7-4 Typical Performance Curves for 723 


LOAD REGULATION LOAD REGULATION 
CHARACTERISTICS WITHOUT CHARACTERISTICS 
CURRENT LIMITING WITH CURRENT LIMITING 
+0.1 


REGULATION — % Vo 
REGULATION — % Vo 





OUTPUT CURRENT — mA OUTPUT CURRENT — mA 


STANDBY CURRENT DRAIN 
CURRENT LIMITING AS A FUNCTION OF 
CHARACTERISTICS INPUT VOLTAGE 


es We cepa te Vo = VREF 
ee ae 


a 
Eee ey SE es al 
2 ie ee ee a 


V1 
STANDBY CURRENT — mA 


RELATIVE OUTPUT VOLTAGE — V 


JoO0L 


OUTPUT CURRENT — mA INPUT VOLTAGE — V 





Fig. 7-5 Typical Performance Curves for 723C 
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| CURRENT LIMITING 
LINE REGULATION AS A : LOAD REGULATION AS A CHARACTERISTICS AS A 
FUNCTION OF INPUT/OUTPUT FUNCTION OF INPUT/OUTPUT FUNCTION OF JUNCTION 
VOLTAGE DIFFERENTIAL _ MOLTAGE.DIFFERENTIAL TEMPERATURE 
. +0. 8: 
TTT TL ens 
BRR... 
i es a IL=tma 
i ee ee 
Lee eee ek Ped 
= See ee 
Elie 


+0.3 


REGULATION — % Vo 
REGULATION — % Vg 
CURRENT LIMIT SENSE VOLTAGE — V 
LIMITING CURRENT — mA 


O 
+50 +100 +150 
(Vin - Vo) - V ; (Vin - Vo) -V JUNCTION TEMPERATURE — °C 


LINE TRANSIENT . LOAD TRANSIENT OUTPUT IMPEDANCE AS A 
RESPONSE RESPONSE FUNCTION OF FREQUENCY 


||| input vourace| | ie . | | | ioapcurrenr| | | || To ot 
INPUT VOLTAGE i LOAD CURRENT vi = HV, yh HR q 
ie 
Pinker! (sean ae zac | TUM TT iH 
yt tt Ege tt Coho co = 60 mA HN 
Seeman un Ree Rete ecaie Meee 3. RE Het XL 
: mai re 


se ea : 
errs Sa ‘maT 
ph COC 


Seite aii at 


iA A 
oy LUI UVTI TE UE 


10K 100K 
FREQUENCY — Hz 


LOAD DEVIATION — mA 
OUTPUT IMPEDANCE — 2 
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INCHES MILLIMETERS 


FREQUENCY 
9 COMPENSATION 


NOTES: 
Leads are gold-plated kovar 
Package weight is 1.32 grams 
\- INSULATING STANDOFF. High thermal resistance package 
SHAPE MAY VARY Nine leads through, lead No. 5 
is connected to case 
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Fig. 7-7 JEDEC TO-100 


INCHES MILLIMETERS 


CURRENT LimiT [| 2 131] COMPENSATION 
CURRENT SENSE | | 3 


INVERTING INPUT [| 4 
NON-INVERTING INPUT} | 5 


Leads are intended for insertion in 
hole rows on .300” centers 
They are purposely shipped with “positive” 
misalignment to facilitate insertion 
Board-drilling dimensions should equal your 
practice for .020 inch diameter lead 
Leads are tin-plated kovar 
Package weight is 2.0 grams 
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Fig. 7-8 JEDEC TO-116 
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CHAPTER 8 
uA723 Precision Voltage Regulator Applications 


FREQUENCY COMPENSATION 


The stability of any power supply configuration can be assured 
by two steps. First, consider the dc and ac performance of 
both the internal gain stage of the pA723 and all other active 
stages used. Then, provide the necessary compensation using 
standard operational amplifier techniques. 


ywA723 Open Loop Voltage Gain and Phase Shift as a 
Function of Frequency 


Figure 8-1 shows the open loop frequency response of the 
uA723 voltage gain stage. The increase in the rate of phase 
shift seen in Figure 8-7 is due to the Beta fall off of the output 
stage at higher frequencies. This increasing phase shift rate 
requires that the yA723 be compensated whether or not the 
device is used with external components. 
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1. OPEN LOOP PHASE SHIFT 
2. OPEN LOOP VOLTAGE GAIN 
3. GAIN WITH SO00 pF, COMP TO COMMON 


4. GAIN WITH 0.01 pF, COMP TO COMMON 
5. GAIN WITH 0.02 pF, COMP TO COMMON 


Fig. 8-1 wuA723 Open Loop Voltage Gain and Phase Shift as a 
Function of Frequency 


Recommended frequency compensation for the unity gain is 
either a 5000 pF capacitor from the compensation terminal 
to the V— terminal or a 20 pF Miller compensation capacitor 
connected from the frequency compensation terminal to the 
inverting input. To allow proper operation when using the 
Miller compensation, the inverting input must be isolated 
from the remaining circuitry by some impedance. This is il- 
lustrated in Figure 8-8a. 


EE EE framax= s50%e 
Pt | || Pstanopy = 90 mw 
a METAL CAN PACKAGE 
=a (NO HEAT SINK} 
PMNs Ws  apetge el eae 
ANE | Ed ET Ey 
INK Jaze [Tt | 
lle liebe ea 
N ans <4 
[Taz 70% NA] | 


ll 
MEME T tee dhe te dees 
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IL MAX — mA 


Vin - Vout — V 
a 


Vin - Vout — V 





For output voltages greater than Vp_erf, the closed loop gain 
will be greater than unity. If higher closed loop gains are used, 
the compensation capacitor can be reduced in direct propor- 
tion to the increase in gain. ; 


When using an external series pass device, the 3 dB band- 
width of this device must also be considered, particularly 
since the majority of these devices have a much lower band- 
width than the pA723. For instance, if a 2N3055 is selected 
as the series pass device to be used in a unity gain configura- 
tion power supply, this device has a minimum fy of 800 kHz 
and a maximum Beta of 70. This introduces a 3 dB point in 
the overall loop gain at approximately 11 kHz, which means 
that heavier frequency compensation of the regulator is re- 
quired to assure stability. Since the first break point of 11 kHz 
is due to the external power device, the regulator should have 
less than unity gain at the second break point. The second 
break point is the first break point of the pA723 gain stage, 
which occurs at approximately 80 kHz as shown in Figure 
8-7. Adequate compensation is provided by a 0.02 uF capa- 
citor from the compensation terminal to common — or by a 
40 pF Miller capacitor from the compensation terminal to 
the inverting input. As before, for any increase from unity 
gain, there can be a proportional reduction in the compensa- 
tion capacitor. However, the value of the Miller capacitor 
may not be reduced in direct proportion to the standard com- 
pensation reduction; this is to allow for gain variations in the 
yA723 and for parasitic capacitances. Extra capacitance may 
be required at both the input and the output of any power 
supply due to the inductive effects of long lines. Adding out- 
put capacitance provides the additional benefit of reducing 
the output impedance occurring at higher frequencies. 


THERMAL CONSIDERATIONS 
A723 Load Current Capabilities 


Figure 8-2 provides a quick reference to the allowable power 
dissipation of the yA723 in terms of the input/output differ- 
ential voltage and load current. Figure 8-2a is for the pA723C 
in the TO-100 package (10-lead metal can); Figure 8-26 is 
for the wA723/yA723C in the TO-116 package (14-lead, her- 
metic dual in-line); and Figure 8-2c refers to the MIL temper- 
ature range pA723 in the metal can package. 
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Fig. 8-2. wA723 Load Current Capabilities for Maximum Load Current as a Function of Input/Output Voltage Differential 





vwA723 Maximum Power Dissipation in Free Air 


The previous curves are based on the free-air dissipation 
ratings shown in Figure 8-3 below. The thermal derating 
factor is 6.8 mW/°C for the TO-100 metal can and 8 mW/°C 
for the TO-116 hermetic DIP. When it is necessary to heat 
sink the TO-100 package, a thermal resistance of 50°C/W, 
junction-to-case may be used. 
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Fig. 8-3. pA723 Maximum Power Dissipation in Free Air 


The relationship between power dissipation Pp, maximum 
ambient temperature T,, and thermal resistance from case- 
to-ambient Oca, is then: 


150°C—Tp 150°C-Tap ° 
Po= [ ————-_ ]W, ordca= ( ——4) —- 
D (sows) raca ( Pp ) BODEN 


These equations may be used to calculate the maximum allow- 


‘able power dissipation, Pp, or the maximum allowable heat 
sink resistance, Oca, from a given set of conditions: 


FUNCTIONAL TEST CIRCUIT 
Simplified Tester Schematic 


A simplified functional test circuit for the pyA723 is given in 
Figure 8-4. The output voltage is set for a nominal +5.0 V. 
The basic test steps are as follows. 


1. Load Regulation at 50 mA, Close S1 


Measure output voltage change 
with S2 open and closed, (a 


load current change of 50 mA). 
2. Line Regulation, Open S2 
Measure output voltage change 


resulting from a change in input 
voltage Vin. 


3. Short Circuit Current, Open S1 and S2 
Measure output current when 
the output is shorted to ground. 


0.47 pF 7 
CERAMICS 1. REGULATED 
OUTPUT (+5 V} 


os cL 
NON cs 
VREF INV. INV COMP 


NOTE: ALL RESISTORS + 1% 





Fig. 8-4 Simplified Tester Schematic 


TYPICAL APPLICATIONS 
Introduction 


The required output voltage for the following yA723 applica- 
tions can be calculated from the equation accompanying 
each circuit. In all cases the resulting resistor values are 
assumed to include any potentiometer resistance used. In 
addition, Table 8-7 is included at the end of the section and 
affords a quick reference for many standard output voltage 
requirements. The previous section on frequency compensa- 
tion gives guidance to the suitable values of compensating 
capacitors used in the various appications. Specific tran- 
sistor types are not included in this section. However, Appen- 
dix C includes a discussion of the selection of power devices 
and a list of preferred types. 


In the following applications, the yA723 is represented in 
a number of ways. In those circuits where the regulator 
operation is very basic, the symbol of Figure 8-5 is used. 
Lead functions can be identified by referring to Figure 7-7. 





Fig. 8-6 pA723 Functional Symbol 


In those applications where the circuit operation is clarified 
by the use of a functional schematic of the vA723, Figure 8-6 
is used. This block bears a close resemblance to the simpili- 
fied schematic of Figure 7-7. In some cases the individual 
components of this block may be rearranged in order to sim- 
plify a particular schematic. The reference voltage is repre- 
sented by a single Zener diode, nominal voltage 7.15 V 
supplied from a constant current source. The output Zener 
diode, Vout to Vz, is shown only in the required applications. 


Output Configurations 


Many of the applications use internal Zener diodes for level 
shifting or for the generation of stabilized voltages. An ex- 
planation of where these diodes exist in the pA723 circuit 
may help to avoid any problems arising from improper biasing. 


The yvA723 output stage schematic is reproduced in Figure 
8-7a. The Vz terminal provides direct access to a 6.2 V Zener 
diode whose cathode is internally connected to Voyrt. Pro- 
vided the internal current limit transistor is not required for 
output short circuit protection, its base emitter junction pro- 
vides another 6.2 V Zener diode (See Figure 8-7b). Note, how- 
ever, that the anode of this diode, terminal CL, is connect- 
ed internally by the collector base junction diode to the base 
of the output drive transistor. When using the CL - CS Zener 
diode, the collector base diode must always be reverse biased. 
Maximum permissible CL - CS Zener current is 5 mA. Correct 
biasing is assured in Figure 8-7c by interconnecting the Voyt 
and CL terminals to provide both positive and negative 6.2 V 
Zener diodes referenced to the Voyrt terminal. 


Positive Regulators, 150 mA Maximum 


Figure 8-8a shows the basic low voltage configuration suit- 
able for output voltages ranging from 2 to 7 V. The reference 
voltage, Vp_r, is first divided down by R1, R2 and, if desired, 
potentiometer P1. Then it is applied to the non-inverting input 
of the error amplifier. Caer may be added if ripple rejection 
greater than that specified for the yA723 (74 dB) is required. 
The presence of Cprr also reduces the regulated output 
noise voltage considerably. : 


Capacitor C1 provides frequency compensation. C1 is isolat- 
ed from the low impedance output by R3 which also balances 
the error amplifier source impedances to give minimum tem- 
perature drift. To minimize component count at the expense . 
of temperature drift, R3 may be omitted. In this case, C1 can- 
not be used for frequency compensation. Instead, C2 may be 
used from the compensation terminal to ground as shown in 
Figure 8-8b. To minimize power dissipation, the V+ and Vc 
terminals may be supplied separately, with V+ requiring a 
minimum of 9.5 V, while the Vc supply may be as low as 
3 V above the regulated output voltage. The schematics 
shown in Figure 8-8a and 8-8b have output voltages given by 


R2 
Vo = f ——‘_ 1 V here (R171 +R2) > 1.5 k 
0 fre) REF where: * 


Output voltages from 7 to 37 V are obtainable with Figure 
8-8c in which 





R1+R2 
Vo= V 


If the reference bypass capacitor is required in this circuit, 
it should be connected from the non-inverting input to ground 
using R3 to increase the reference source impedance and 
improve the effectiveness of the reference capacitance. A 
150 mA output current is available with Roc set to zero, 
When short circuit current limiting is desired, Rg¢c may be 
used to limit the maximum output current to 


VSENSE 


ILIMIT = Rsc 





where Vcense (the sense voltage, or the voltage between 
terminals CL and CS) is given in Figure 8-8d. The resulting 
output current limit has a temperature coefficient of -0.3%/°C. 





Fig. 8-7 Output Configurations 
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pA723 
Ve 


NON 
VREF INV IN 


TYPICAL PERFORMANCE TYPICAL PERFORMANCE 


Regulated Output Voltage 5V Regulated Output Voltage 5V 
Line Regulation (AV yy = 3 V) 0.5mV Line Regulation (AV), = 3 V) a5mvV 
Load Regulation (Al) = 50 mA) 1.5mV Load Regulation (Aly = 50 mA} t.5mVvV 


R1 R2 


TE: R3 = —— 
NO 3 RI+R2 


for minimum temperature drift. 


SC= 7G d 


TYPICAL PERFORMANCE 
Regulated Output Voltage 15 V eee Se SP re) 


Line Regulation (AVjy=3V) 1.5 mV ~ 60 0 +60 +100 
Load Regulation (Al; =5Q0mA) 4.5 mv 


CURRENT LIMIT SENSE VOLTAGE — V 
LIMITING CURRENT — mA 


JUNCTION TEMPERATURE — °C 


R1 R2 ed : 
NOTE: R3 = for minimum temperature drift. 


R1+R2 d 


R3 may be eliminated for minimum component count. 





Fig. 8-8 Basic Regulator Configurations 


Positive Regulators, High Output Current ditional transistor. The circuits in Figure 8-9 may supply 
outputs in the range of 2 to 37 V by selecting the appropriate 
feedback network. Figure 8-9a is shown for output voltages 
from 7 to 37 V, whereas Figure 8-96 is shown for output volt- 
ages from 2 to 7 V. 


In Figure 8-9a, an npn transistor, Q1, boosts the available 
output current beyond tiie capability of the uwA723. Q1 can 
consist of several transistors cascaded to satisfy very high 
current requirements. In this circuit, one Vpe voltage must 
be added to the 3 V minimum input/output differential re- 
quirement for each transistor added. Depending on the type 
of transistor used for Q1, R3 should be added giving IcBo 
compensation, and alleviating the safe area limitation of the 
output device. With Rg¢ set to zero the maximum output cur- 
rent capability is (Q1 Beta) x (150 mA). Rgc may be used to 
limit the short circuit current to any desired value up to this 
maximum in the same manner as outlined previously in 


If it is required to vary the output continuously over a 10 to 
1 range, it is necessary first to attenuate Vo so that Viny 
never exceeds Vper even when Vo is at its maximum value, 
then provide a potentiometer adjustment from Vp_er to the 
non-inverting input. This is illustrated in Figure 8-9c, where 
Vo is attenuated by a ratio of 5.2:1. 


Figure 8-8. Maximum permissible Vg is then 35 V (giving a Viny of 

6.8 V), which requires 38.6 V < Vig, < 40 V. Minimum Vo 
An alternate circuit is shown in Figure 8-9b. Using an exter- is determined by the minimum value for Vinny. The specified 
nal pnp transistor, maximum output current is again (Q1 minimum Viny is 2 V; however, it will be found that typically 
Beta) x (150 mA). One Vpg should be added to the minimum Vinv may be reduced to approximately 0.72 V before the cir- 
input/output differential voltage requirement for each ad- circuit no longer regulates. This corresponds to a Vo of 3.7 V. 


NO 
; REF] INV 


c 


— (_.) 
Ve Y 
VOUT 7 
Vt 
of aaa a 
N cs 
1 





R2 
= = *v0 -( atta) Yrer 


TYPICAL PERFORMANCE TYPICAL PERFORMANCE 


Regulated Output Voltage +15V Regulated Output Voltage +5V 
Line Regulation (AVipy = 3 V) 1.5mV Line Regulation (AV yy = 3 V) 0.5mV TYPICAL PERFORMANCE 


Load Regulation (Aly = 1A) 15mV Load Regulation (Aly = 1A) SmvV Regulated Output Voltage 4-35V 


b Line Regulation (AV; jy = 10 V) mV 
a Load Regulation (Al = 100 mA) ITmvV 


Fig. 8-9 High Current Regulators 





8-6 


Other 10 to 1 voltage ranges may be obtained by varying the 
attenuation ratio, (R3 + R4)/R4, from 5.2 to, say, 1.4. Then 


Vo range will be 1 V to 10 V (13.6 V < Viq < 39 V). 
Figure 8-9c, 





R2\ /R3+R4 
Va =V —— 
O ner (2) (a 


or, with the values of R3 and R4 as shown, 


R2 
Vo = 5.2 VREF (—*..) 


Positive Shunt Regulator 


The pA723 may be used in a shunt regulating mode by add- 
ing an external transistor, Q1. Special attention should be 
paid to ensure that the series limiting resistor, R4, is capable 
of handling the high power dissipation inherent in this mode 
of operation. Figure 8-70a is used with the 14-lead DIP ver- 
sion of the yA723. When the 10-lead metal can is used, how- 
ever, it is necessary to add a 6.2 V Zener diode externally, as 
in Figure 8-70b. 


Vc 
Vet 


v 
pA723 é 


NON cs 
VREF INV. INV COMP 


R2 
#Vo = 
Vo (5 2, ner 


TYPICAL PERFORMANCE 


Regulated Output Voltage +5V 
Line Regulation (AV; = 10 V) 0.5mvV 
Load Regulation (Al_ = 100mA) 1.5mV 


Ve 


V+ 
pA723 


NON cs 
VREF INV. INV COMP 


R2 
¥V, = 
be (x 23 nee 


TYPICAL PERFORMANCE 


Regulated Output Voltage +8 V 
Line Regulation (AVijy = 10 V) O5mvV 
Load Regulation (Aly = 100mA) 1.5mV 


Fig. 8-10 Positive Shunt Regulators 


Positive Regulators, High Line Rejection 


As shown in Figure 8-77a and 8-776, the circuits each use 
the internal current limit transistor to preregulate the V+ 
supply, thereby increasing the line rejection to more than 
100 dB. The CS ~— CL terminals provide a 6.2 V Zener diode re- 
ferenced to the output voltage, which is then used to supply 
V+. In these applications R3 must be chosen so that the 
current into the CS terminal is limited to 5 mA maximum. 
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TYPICAL PERFORMANCE 
VouT +15 V 
Line Regulation (AV)jy = 15 V) <ImvV 
Load Regulation (Al, = 50 mA) mV 


v 
(R14 +R2) max, = —2- 
5m 


A 


TYPICAL PERFORMANCE 


Vout +5 V 
Line Regulation (AViy =15V) <tmvVv 
Load Regulation (Al, = 5Q0mA) 1OmvV 
IL (min,) = SMA 


b 
Fig. 8-11 High Line Rejection 


Positive Regulators, High Input Voltage 


Input voltages greater than 40 V may be applied when the 
uA723 is connected as shown in Figure 8-12a. The regulated 
output voltage must remain less than 38 V to protect the regu- 
lator. R3 may be replaced with a FET current source in those 
cases where the variation of input voltage imposes excessive 
power dissipation in the internal series pass device. Q2 pro- 
vides short circuit protection, if required (the internal current 
limit transistor cannot be used in this application). The maxi- 
mum .input voltage is determined by the breakdown char- 
acteristics. of Q1. When using the pA723 DIP version, D1 
may be omitted and the Vz terminal grounded; in this case 
Vref must be resistively divided by two before being ap- 
plied to the inverting input. 


Note that in this type of application where the pA723 output 
stage is used as an additional inverting amplifier rather than 


‘the usual emitter follower, Vpfe must be connected to the 


inverting input of the error amplifier to maintain correct phase 
relationships around the regulating loop, i.e., negative feed- 
back from the output. 


When using a pnp series pass device, high input voltages may 
be tolerated by using a Zener diode to reduce the voltage ap- 
pearing across the A723, as in Figure 8-12b. For example, 
if D1 is a 20 V Zener diode, input voltages to 60 V are per- 
missible. D1 must be selected such that no more than 40 V 
is applied to the pA723 V+ and Vc terminals under maximum 
input voltage conditions. Similarly, the regulated output volt- 
age must not exceed 37 V to maintain the specified input- 
to-output differential. 





TYPICAL PERFORMANCE 
Regulated Output Voltage +30V 
Line Regulation (AV, = 20 V) 90mVv 
Load Regulation (At; = 100 mA) B8mvV 


TYPICAL RERFORMANCE 


Regulated Output Voltage +15 V 
Line Regulation (AVijy = 20V) 10mvV 
Load Regulation (Alo =100mA) 30mvV 


Fig. 8-12 High Input Voltage 


Positive Regulator, Floating 


The pA723 may be used to directly regulate hundreds of volts 
using the configuration shown in Figure 8-73, in which a 
floating power source is provided for the regulator by D1. 
The series pass transistor becomes the only limiting factor in 
determining the maximum voltage and current which may 
be controlled. The Vper terminal supplies all the current 
drawn by the sensing resistors and the total current must not 
exceed 5 mA. R5 must be selected to provide sufficient cur- 
rent to bias D1 and to supply the wA723 standby current at 
the minimum input voltage condition. D2, D3 and D4 are for 
protection purposes; fast switching diodes should be used. 


If Q1 is a high fy device, it may be necessary to add C2 to 
reduce the output noise level. If Vjjy is switched on and off, 
causing a very high dV)\//dt to appear at the yA723 termin- 
als, C3 may be added to ensure correct biasing throughout 
the circuit. In normal use when on/off switching takes place 
before the usual rectifier/filter supply for Vij, C3 is not 
necessary. 


It will be noted from Figure 8-73 that 


Wis eras 2) 7 (B3 (3 +R2 
OT REF |\Ri R1 R3+R4 
if R3 and R4 are made equal, 


_VREF /R2—Rt1 
Vo=— (-— 
2 R1 
The normal minimum regulated output voltage limitation of 


2 V for the A723 does not apply to this circuit, output volt- 
ages down to zero volts being readily obtainable. 





v si v 

———._ } + 
REF tags Ra 2 
| *). -( 82-81 \Wrer 
| ° Ri 2 


tL max 
TYPICAL PERFORMANCE (sine (‘stenaoy aes 
Regutated Output Voltage +50 V 
Line Regulation (AViyy = 20V) 1.5 mV 


Load Regulation (Ai) =50mA) 1.0mV 


Q1B min 


(Vin min — Yo ~ YD1 max) 
pax = ooo ee 





IL min 


Fig. 8-13 Floating Positive Regulator 


Assuming the regulator is operating correctly, then the INV 
input will equal the NON-INV input, i.e., 
R3 


R2 
Vo+V — 72) = (Vv (— +V 
(Vo + VREF) (as (VREF) (533 Ra 0 


. ( R2 -i)= v ( R3 )-( R2 ) 
O \R1+R2 REF |\R3+R4 R1+R2 
: R2\ — /R3 @ + R2) 
nace (2) (an) R3+R4 | 
Positive Regulators, Low Input/Output Differential 


Either of the two circuits shown will allow an input-to-output 
voltage difference close to the saturation point of the series 
pass device. As in all applications, the VIN(2) of Figure 8-14b 


VIN 2 12.5V 
O 


TYPICAL PERFORMANCE 


Regulated Output Voltage 12V 
Line Regulation (12.5V<VijxypS15V) 3mvVv 
Load Regulation (AlL = 1 A) SmvV 


R1+R2 
70 -( R2 


Vin(1) 25.5 V 


Vin(2) 2 9.5V 
C 


TYPICAL PERFORMANCE 


Regulated Output Voltage 5V 
Line Regulation (5.5 V <Ving(1) <10V) 1mV b 
Load Regulation (Al, = 1A) 4mvVv 


R1+R2 3.3 
*Vo -( RD ') vner ¢)- SV 


Fig. 8-14 Low Input/Output Differential 





must be 9.5 V minimum. The 7.5 V Zener diode may be elim- 
inated (See Figure 8-74a) when using the dual in-line pack- 
age by grounding the Vz terminal and reducing the Varr 
to3 V by a 4.7 k2/3.3 k Q voltage divider to the non-invert- 
ing input of the pA7/23. 


Positive Regulators, Marginal Input Voltage 


The two circuits shown in Figure 8-15 offer some relief from 
the 9.5 V minimum V+ voltage when regulating lower volt- 
ages. In those cases where the average voltage applied to the 
input is greater than the required minimum — but the nega- 
tive ripple peaks are lower — a diode/capacitor peak detector 


will provide the solution (Figure 8-15a). Figure 8-75b shows | 


one method of using a voltage doubler to assure that using a 
minimum of external components, the proper bias voltage is 
applied to the V+ terminal. 


pA723 


NON cs 
VREF INV INV COMP 


R2 
V5 = 
o (5 25) Vaer 


R2 
wo-(= r wa )¥rer 


Fig. 8-15 Marginal Input Voltage 


Negative Regulators, Medium/ High Output Current 


_ This configuration (Figure 8-16a) will regulate any negative 
-- voltage between -9.5 V and -40 V. Since the uA723 is oper- 
ated between ground and the regulated output, the maximum 
unregulated input voltage is determined by the voltage break- 
down and power dissipation capabilities of the pnp series 
pass device, Q1. Base current for Q1 is supplied through re- 
sistor R5 such that the minimum input-to-output differential 
is controlled both by the base current required by Q1 and the 
value of R5. | 


A Darlington connection may be used for Q1 to reduce the 
base current requirement (Figure 8-766) and to increase the 
output current capability. Either the complementary Darling- 
ton as shown, or a standard pnp pair may be used. 





For output voltages in the range -2 V to -9.5 V, the output 
voltage alone is insufficient to bias the pA723 in Figure 8- 
16a. This condition is satisfied in Figure 8-76c by an exter- 
nal, regulated or unregulated, positive voltage applied to the 
V+ and Vc terminals. The maximum limit of 40 V between 
the V+ and V- terminals must be observed. Maximum values 
for -Vin(2) and the input-to-output differential are deter- 
mined as for Figure 8-16a. 


In all cases, a through c, if the Vz terminal is unavailable, 
then the Voyt terminal may be used with a series 6.2 V 
Zener diode. 


TYPICAL PERFORMANCE 
Regulated Output Voltage —15V 
Line Regulation (AViy = 3 V} Imv 
Load Regulation (At, = 100 mA) 2mv 


é Q1Bmin 
R5 = {Vin min ~ YO — VBE) { ——— 
IL max .- 


R1+R20NV 
*_y, =... 2's |YMREE 
o ( Ra ) 2 


-Vin O 


—_ Ri+R2 
TYPICAL PERFORMANCE 
Regulated Output Voltage -—15V 
Line Regulation (AVijy = 10 V) amv 


_ (VIN min — Yo — Vee) (218 min) (Q2Bmin) 
Load Regulation (Al; = 1A) 2mvVv RE Cn i RE 


IL (max) 


RS 


R1+R2NV 
= #&v, = —( 7s PREF 
° Ri 3) 2 


al Brin 
RS ~ Vin(ahmin “VO —VBe TT 


TYPICAL PERFORMANCE 


Regulated Output Voltage —-6V 
Line Regulation (AVin(2) =10V) 1OmvV 
Load Regulation (At; = 100mA) 2mVv 


40 V > (Vin(1) —Vo) 29.5 V 





Fig. 8-16 Medium/High Output Current 





Negative Shunt Regulator 


For low to medium output currents the series pass transistor 
of the previous circuits may be omitted. However, special 
attention must be paid to the dissipation of D1 and R5, and 
the internal dissipation of the pA723. Maximum permissible 
current shunted to ground via the Vout terminal is 150 mA. 
Figure 8-17 as shown in suitable for output voltages in the 
range -9.5 V to-40V. By removing the V+ and V¢ terminals 
from ground and supplying them wit? a low value positive 
voltage as in Figure 8-76c, output voltages from -2 V to 
-9.5 V are obtainable. Total voltage from V- to V+ of 9.5 V 
minimum and 40 V maximum must be observed. If the max- 
imum current from the Voyrt terminal is less than 20 mA in 
a particular application, then D1 may be omitted and the out- 
_put connected to Vz instead of Voy. 


yA723 


NON cs 
VREF INV INV COMP 


TYPICAL PERFORMANCE 
Regulated Output Voltage 
Line Regulation (AViy = 3 V) 
Load Regulation (Al = 50 mA) 


_t1sv 
3mvV 


R1+R2NV 
®_Vq = —-( —_— } —BEE 
S5mvV R1 2 


Fig. 8-17 Negative Shunt 


VouT 
V2 
cL 


pA723 


. NON cs 
VREF INV INV COMP 


*Vo 


R1+R2\V 
e_y,-_f 71 pYREF 
Vo ( Aq ) 2 


TYPICAL PERFORMANCE 
-15V 
<1imV 
2mV 


Regulated Output Voltage 
Line Regulation (AVypy = 3 V) 
Load Regulation (Al, = 50mA) 


Fig. 8-18 Negative High Line Rejection 


Negative Regulator, High Line Rejection 


In the negative regulators with a series pass device, the only 
variation seen by the control circuitry under varying input 
conditions is the current variation caused by the fixed resist- 
ance across the series transistor’s collector-base junction. 


By replacing the resistor with a FET current source in Figure 
8-78, the line rejection is greatly improved, typically exceed- 
ing 100 dB. Output voltage range is —9.5 V to -40 V, extend- 
able down to -2 V by the addition of a positive supply as in 
Figure .8-716c. R5 and Q2 must be selected to provide suf- 
ficient base current for Q1 under worst case conditions. A 
good choice for Q2 would be a 2N5484 with R5 equal to zero, 
since its Ipss (zero gate voltage drain current) of 1 to 5 mA 
will provide sufficient base current for Q1 in most applications. 
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' Negative Regulator, Floating 


When the desired output voltage exceeds the 40 V maximum 
which may be applied across the device, then a Zener diode 
should be used to limit the voltage, as shown (Figure 8-19). 
The actual Zener voltage selected may be between 9.5 V and 
40 V with little change in performance. This circuit is the 
complement of 8-73. R6 must be selected to provide suf- 
ficient current to bias D1 and to supply the pA723 standby 
current under minimum input voltage conditon. Select R5 
according to the requirements outlined in Figure 8-766. 


TYPICAL PERFORMANCE 
Regulated Output Voltage -100 V 
Line Regulation (AV jy = 3 V) 30mvV 
Load Regulation (Aly = 1A) 20mvV 


+ ns R1+R2\VrRer 
vo ‘e 2 





Fig. 8-19 Negative Floating 


Current Regulators 


In Figure 8-20a the regulator will force a voltage to appear 
across R, which is equal to the voltage existing across R2. 
The resulting current is summed with the regulator’s standby 
current, Igp, and the current through R2, to provide a regu- 
lated current, |, into the load, Rj. Due to this summation, 
line regulation decreases for output currents below 10 mA. 


The input voltage must be greater than |, Ry (max) +9.5 V 
to ensure sufficient voltage across the pA723. Figure 8-20a 
is shown sourcing current from a positive voltage +Vjjy. Vin 
can, of course, be grounded while returning R,_ to a negative 
voltage. Similarly, the output terminal may be grounded or 
taken to a negative voltage when the Viq terminal will pro- 
vide a regulated current sink of magnitude |; . In no case may 
the voltage from V- to V+ exceed 40 V. 
R2 


1) = VREF t+leptl = VREF yas +] 
UL \RitR2/\ Rp J SB R2°\ RisR2 Rp) 98. 


for output currents in excess of 10 mA, this approximates to: 





R2 


ei | VREF\ 3000 \ 
IL"\aieR2)\ Rp) 88 = (pa) ) “SB mA 


with the values of R1 and R2 shown. 


lf a voltage compliance greater than 40 V is required, or if 
the regulation of Figure 8-20a is insufficient, the configura- 
tion in Figure 8-20b may be used. It is a precision floating 
current source capable of 0.05% regulation. In this circuit a 
floating 20 V supply (typically a half wave rectified output 
from a separate transformer winding of the main supply) is 
used to power the pA723, such that standby and reference 
currents do not add to the programmed output current. 


Figure 8-271 uses the same principle as the previous circuit 
to give a voltage output capable of 0.005% load regulation. 
Output voltage range is from zero volts up to the series pass 
device limit. Output current is also limited only by the series 
pass device; short circuit protection is available in this con- 
figuration by selecting Roc as previously described. Pro- 


, -(—R2 VREF Precision Voltage Regulator 
UL \RIR2) \ Rp 


lf P1 is adjusted so that Vpo = 3.0 V, as indicated in the 
schematic, then 





pe saat mA. tection diodes D2, D3, and D4 should be added whenever 
Rpts) Vin exceeds 40 V. 
| R2—R1 \ VREF 
Both output current and voltage compliance are limited by vo-(' R1 = 
the capabilities of the series pass device Q1. Diodes D2 
through D4 are protection diodes which should be included With the component values shown, this gives an output volt- 
whenever Vij exceeds 40 V. age range of zero to 100 V. 


TYPICAL PERFORMANCE 


Output Current 3.0mA 
Line Regulation (AViy = 5 V) 0.3 mA 
Load Regulation (AR; = 2002) 0.2mA 


TYPICAL PERFORMANCE 


Regulated Output Voltage 0-100 V 
Line Regulation (% of AVyny) < .01% 
Load Regulation (% of Vo) < .005% 





Fig. 8-21 Precision Voltage Regulator 


Foldback Current Limiting 


Foldback current limiting is a superior alternative to standard 
current limiting techniques particularly where intolerable out- 
put device power dissipation is a problem. Typically, this is a 
consequence of device/heat sink limitations under short cir- 
cuit conditions. 


In the following discussions it is assumed that a regulated 
output voltage is available up to a maximum output current 
Inj. The output current then folds back with decreasing load 
resistance to a value of Ig¢ (with a short-circuit load). The 
“knee” of the current limiting characteristic will be similar to 
that shown in Chapter 7 (Figure 7-8d and h) for normal cur- 
rent fimiting. The regulation degrades considerably as Ipg is 
approached, and in a practical regulator the useful output 
current may be limited to approximately 80% of Ipg. 


A minimum parts/cost method for providing the positive feed- 
back required for foldback action is shown in Figures 8-22a 

and b. This technique introduces positive feedback by increas- 
diene. Se oa ed current flow through R1 and R2 under short circuit condi- 
Pee CaIA EAU elo, See tions. This forward biases the sensing transistor’s base- 
emitter junction. The final percentage of foldback depends 
on the relative contributions of the voltage drop across R2, 
and Rgc¢ to the base current of the sensing transistor. In the 
active region where the voltage buildup of R2 and Rg¢ pro- 


Fig. 8-20 Current Regulators vides base current to the sensing transistor, recovery of the 
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full output capability will take place whenever a short circuit 
is removed from the output. As soon as there is no voitage 
buildup across Rgc providing a portion of the base current, 
100% positive feedback has been realized and a reset is re- 
quired to restore normal operation once the short is removed. 


In Figures 8-22a and b, the input to the current limit transis- 
tor is (Vasc + Vpo), leading to 


R1+R2 R2 ee 
R1 R1 
Vo /R2 
Ing = lec + — [ — 
M sc Rsc (#2) 


Design equations to give a desired Ing with approximately 
zero Igc¢ are. 


_ VSENSE 
Rsc 


ell 


Isc Rea 





R1 (kQ) = Vin - Vsense (V) 
R2 (k&) = VgEnseE (V) (i.e. R2 = 620 2) 


V V 

and R aa? R2) oR ed, 
so 1 RI sc 

M M 


( VSENSE ) 
Vin ~— VSENSE 





Fig. 8-22a Foldback Current Limiting Positive Regulator 


In Figure 8-226 it is recommended to use a Darlington con- 
figuration for the bypass transistors, Q1 and Q2. This enables 
R5 to be a relatively high value, typically >50 K, which re- 
quires Q3 to sink a low current under short circuit conditions. 





Fig. 8-22b Foldback Current Limiting Negative Regulator 





As R5 is reduced the current through it increases drastically 
when -Vo goes to zero volts, and Q3 base current increases to 
a point where the foldback circuit is no longer operative. 


From the start of base emitter conduction of the sense transis- 
tor to the full shut off of the power supply’s series pass devices 
requires a 2 pA base current. This represents a' 10 mV in- 
crease in base emitter voltage over the base emitter zero cur- 
rent threshold. 


The latch condition, or 100% positive feedback, is generated 
by any change in the input voltage which increases the volt- 
age drop across R2 past the 10 mV window with a short cir- 
cuit applied, and can only be removed by breaking the positive 
feedback path by some manual reset to allow the series pass 
devices to once more be driven in a normal fashion. 


The addition of an external transistor Q1 in Figure 8-22c pro- 
vides the same foldback limiting as Figure 8-22a but allows 
the extension of the active recovery region by several times 
that of the basic approach. 


ANTI-LATCH 
CIRCUIT 


O pA723 OUTPUT STAGE 
COMP 


Fig. 8-22c Foldback Current Limiting (Modified) 


Latch problems are due to saturation of the current sensing 
transistor. Because the additional circuitry shown operates 
as an antisaturation circuit, it bypasses base current above a 
value set by the voltage divider R3, R4 and the base emitter 
threshold of Q1. This additional transistor acts as a Vp volt- 
age regulator and, assuming a good thermal link, temperature 
tracks the threshold changes of the current sensing transis- 
tor, tending to keep the foldback current drive at a constant 
level. 


Foldback resistors R1 and R2 are calculated using the equa- 
tion of Figure 8-22a. The 2N3641 used for Q1 was selected 
for both high base emitter diode conductivity and reasonable 
Beta at 2 pA collector current. 


Final adjustment under short circuit conditions occurs when 
R4 in Figure 8-22c is set just above the point of minimum out- 
put current under short circuit load and high ac line operation. 


An alternate method of providing foldback current limiting is 
illustrated in Figures 8-22d and 8-22e. Here, the base of the 
current limit transistor is fed from a potential divider from 
VouT to ground. The input to this transistor now equals 
(Vasc _ Vr3), which leads to: 


_VSENSE /R3+R4 Vo 
icc = Fe 


din =! + —— 
Rsc R4 opera sc 


RS 
Rsc R4 


To determine the resistor values required to give a short cir- pinch off voltage, a low impedance path is established around 


cuit current Igc¢ and a maximum output current of I)y, first the drivers and the output device, which turns off the com- 
determine the ratio of R3 to (R3 + R4): pound followers. 
R3_ = (1M_,\ SENSE 
(R3 + R4) Isc Vo 


Now set R4 (k{2) equal to Vo (V), then 


V 
R3 = (—— ) R4 and Roc = SSENSE. ft 
1—a Isc 1—a 


Obviously, a must lie between zero (R3— short circuit) and 
unity (when R4—short circuit). This controls the range of 
the ratio Iyy4/Isc such that its upper limit is approximately 
1.5 x Vo. For a 5 V regulator, for instance, maximum value 


for Inqg/Igc is about 7.5; for a 12 V regulator it is about 18. pee STAGE 

This indicates that there is a restriction on obtaining very low a... VSENSE 

short circuit currents with the figures of 8-22d and 8-22e. es 

By contrast, note that Figures 8-22a and 6 are designed to Die ee 

give approximately zero short circuit current. ae (“ne esi ner ML (rnin) 





Fig. 8-22f Foldback Current Limiting (FET) 


A voltage across the normal load resistor exceeding the pinch 
off voltage of the FET whenever the short is removed, pro- 
vides recovery. Bypass resistor R1 supplies this voltage. 


: The FET should be selected with a maximum pinch off voltage 
approximately two-thirds the value of Vo. Its minimum pinch 
off voltage should not be so low as to demand excessive safe 
area requirements in the pA723 output stage. 


Short Circuit Sensing, Low Loss 


In high current power supplies, the 0.5 V necessary to sense 
the current limit point leads to a considerable power loss. In 
Figure 8-23 a higher overall power supply efficiency is achiev- 
ed by requiring a much lower sense voltage. The current lim- 
it point is determined by the portion of the pA777s output 
swing applied as positive feedback, which in turn is deter- 
mined by the ratio between R1 and R2. In the example shown, 
yA723 the ratio is 1000-to-1. The voltage swing at the output is ap- 
proximately 13 V, so the sense voltage threshold is 13 mV. 


. Bn aa When this threshold is exceeded by a voltage developed across 

ee (go ™ ay Rsc, the current sense resistor, the pA777 is driven from its 

2 ai reset state (output high) to its active state (output low), this, 

a pe : in turn, shuts off the power supply by pulling the compensa- 

| atin tion terminal toward ground. The reset button restores nor- 
mal operation. 





Fig. 8-22d Foldback Current Limiting Positive Regulator 
(Alternate Method). 


aie 
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yA723 


Fig. 8-22e Foldback Current Limiting Negative Regulator oe ie 
(Alternate Method) VREF INV INV COMP 


Another approach to low power dissipation under short cir- 
_ Cuit condition is shown in Figure 8-22f. This circuit does not 

follow the decreasing current, decreasing voltage load line 
which occurs with the standard foldback technique. Instead, 
under a short circuit, the output voltage decreases in a normal 
current limiting fashion, i.e., at a constant high output current 
until the output voltage is below that necessary to keep the 
FET pinched off. As soon as the output voltage reaches the Fig. 8-23 Low Loss Short Circuit Sensing 
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Short Circuit Sensing, Temperature Stabilized 


This circuit modification takes advantage of the internal tem- 
perature tracking which occurs in an integrated circuit. Since 
the current limit transistor and the internal series pass devices 
are at the same temperature and were fabricated at the same 
time, their base emitter temperature coefficients will be ap- 
proximately the same. In Figure 8-24 the current limit tran- 
sistor is connected in a manner such that the temperature co- 
efficients cancel. This is accomplished with a bridge circuit 
via resistors R4 and R5 which reduce the voltage drop (and 
therefore the temperature coefficient) to a 1 diode drop level. 
This voltage, appearing across R4, is balanced by an equal 
and opposite voltage developed across R3 by a FET current 
source. The current limit transistor is connected across these 
two voltages, plus the voltage across Rgc due to the output 
current. At room temperature the current source is adjusted 
by P2 such that there is zero voltage between points A and B. 
Therefore, at room temperature, the current limit transistor 
is activated when the pA 723 sense voltage is developed across 
Rsc, the voltages across R3 and R4 cancelling each other. 





Fig. 8-24 Temperature Stabilized Short Circuit Sensing 


The threshold of the current limit transistor will tend to track 
the voltage across R4 with temperature. Therefore, provid- 
ing the current source remains constant with temperature, 
current limit set by Roc also remains constant with tem- 
perature. 


Figure 8-24 is shown for an output voltage of 15 V from a 
25 V unregulated input. A higher breakdown FET will be 
required for use with higher input voltages. 


Remote Shutdown 


A yA723 regulator may be turned off by pulling down the 
compensation terminal, thereby shunting the drive current 
for the output stage to ground. The simplest method of achiev- 
ing this in a positive regulator is shown in Figure 8-25a. 
When the current limiting function is required, an external 
transistor may be substituted (Q1 in Figure 8-25b). The logic 
input may be from any positive voltage source, e.g., TTL or 
CMOS, capable of driving greater than 100 uA into the CL 
terminal or Q1 base. Typically, R3 may be 3.0 kQQ from a 
5 V TTL system, or 10 kQQ from a 10 V CMOS system. 


To protect the output stage from excessive reverse base emit- 
ter voltage transients during the shutdown, D1 should be in- 
cluded when the output voltage Vo is greater than 10 V. R4 
reduces the peak current that flows when Q1 saturates. 


F Vo 
V+ 


pA723 


yA723 


NON ‘cs 
VREF INV INV COMP 


VIH(MIN) 


V- 


CL 
NON cs 
VREF INV. INV COMP: 


*See Text 


VIL(MAX) 


REMOTE SHUTDOWN 
CIRCUIT 





Fig. 8-25 Remote Shutdown 


Remote shutdown, when applied to a negative regulator, re- 
quires the additional circuitry to the right of the dashed line 
in Figure 8-25c. \|n operation, a logic Low input, Vit (max) 
will hold Q3 off, disabling the shutdown circuit. A logic Hig 

input, Vip min) from a TTL or CMOS gate turns Q3 on with 
the base drive limited by R8. Resistor R5 is calculated in the 
normal worst case manner for the series pass devices selected. 


_(ViN(min) ~~ Vo~-2 VBE*) 
Q2!B (max) 
*(This term becomes 3Vge is D2 is included.) 


When Q3 is turned on, D1 is forward biased at a current limit- 
ed by R7. The ratio of R5 and R7 is calculated such that the 
output of the supply is always at ground when the logic input 
is High. 

R7_ VIH(min) 

R5 = Vin (max) 


The formula shown guarantees that the junction of R5 and R7 
is always positive during shutdown — R8 = 10 R7, to give a 
forced B of 10 for Q3, fully saturating that device. Diode D2 





protects the output devices from reverse base emitter tran- 
sient voltages, and should be included when the output volt- 
age: is greater than the combined base emitter breakdown 
voltages of the series pass devices. 


Overvoltage Crowbar Protection 


Figure 8-26 shows a pA723 used as a latched comparator and 
SCR driver. It also provides the temperature compensated 
reference necessary for accurate overvoltage sensing. In nor- 
mal operation, P1 is adjusted so that the voltage at point A 
is more negative than the reference voltage, Vper (typically 
7.15 V). Therefore, the voltage across R2 will bias the com- 
parator (the pA723 error amplifier) such that its output, Vout 
is driven toward V-, and the internal 6.2 V Zener diode is cut 
off. Hence no gate current is able to flow into the SCR D2, 
which remains in an OFF state. Diode D1 blocks the positive 
feedback path in this condition, therefore, no current flows 
through R4. 


By “crowbar” action, the comparator changes its state as 
soon as the voltage across R2 reverses polarity, that is, as soon 
as the voltage at point A becomes more positive than VREF: 
Potentiometer P1 is set so that this occurs at the desired over- 
voltage trip point, typically (Vo + 10%). When the comparator 
switches, VoyrT is pulled up toward V+, and the SCR is fired 
with gate current limited by R5. When Voyrt exceeds Vpaer 
the positive feedback loop R4/D1 latches the comparator into 
its switched state. . 


The action of firing the SCR places a low impedance across 


the unregulated supply to ground, and this blows fuse F1. 
From the initial overvoltage to the SCR clamping takes ap- 
proximately 1 us; if required the switching action may be 
made slower by a capacitor from the yA723 COMP terminal 
to the inverting input. 


Over/Under Voltage Monitoring 


There are many systems where it is important that, when the 
regulated supply lines deviate from their nominal values, an 





Fig. 8-26 Crowbar Protection 


alarm is indicated and some action, such as system shutdown 
or system changeover, is initiated. Such a fault detection sys- 
tem requires overvoltage and undervoltage monitors for both 
positive and negative power supplies. The yA723 may be us- 
ed very effectively in this application and provides a TTL- 
compatible output signal. 


Figure 8-27a gives an indication of an undervoltage on a posi- 
tive supply line. The internal reference voltage of the pA7/23, 
Vre_r- is used to generate a threshold voltage of 2.0 V across 
R4. The voltage to be monitored, Vpy, is divided down by Rpg 
and R1. The voltage across R1 is compared to the threshold 


_ voltage across R4 by the pA723 error amplifier. When Vig is 


at its nominal value, the output of the A723 is in its high 
state, which is set at approximately 3.3 V by clamping the 
COMP terminal to the junction of R2 and R3 on the Vpger 
voltage divider. Current drain from Vor through R6 is nom- 


inally 15 mA. 


If the monitored supply, V»y, should fali by a predetermined 
amount, the error amplifier changes state, and the output volt- 
age Vo assumes its low state. R6 is able to drive one TTL load 
(1.6 mA at 0.4 Vingx Vo). Positive switching action is 
assured by the hysteresis applied through R5. Rpg is adjusted 
so that the voltage across R1 equals the threshold voltage 
(2.0 V) when Vp is at the. desired undervoltage trip level. 


This cifcuit will give an overvoltage indication on a positive 
supply line by interchanging the amplifier inputs as shown by 
the dashed lines. 


Figure 8-27b performs the same functions for a negative sup- 
ply line. The monitored supply voltage, -V)y, is referenced to 
Vr_er in this circuit, to provide the level shifting from any 
negative input to the +2.0 V threshold voltage. 


Response times for these monitor circuits are typically less 
than 1 ps. 
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Fig. 8-27 Positive/Negative Supply Undervoltage Monitors 
Switching Regulators 


Figure 8-28a is a positive switching regulator; Figure 8-28b 
is a negative output version. The principles of operation of 
switching regulators and design equations are given in 
Appendix A. 


Referring to Figure 8-28a and Figure 8-28b, 


R2 R1+R2 \ VREF 
Vox Wace and <Voes) oi 
O (aa) REF 0 ( R1 ) 2 


Other gain setting configurations may be used, such as those 
used in the linear regulators to extend the output voltage 
range. R6 (Figure 8-28a) limits the base drive to Q2 to ap- 
proximately 10 mA by using the internal current limit transis- 
tor in the pA723. 





The efficiency of these circuits is typically 75% at 1 A output 
current, and 73% at 2 A output current. If the Vz terminal 
is not available (Figure 8-28b), a 6.2 V Zener diode can be 
used in series with Vout. As in the linear negative voltage 
regulators, the minimum output voltage using this configura- 
tion is -9.5 V. Voltages between -2 V and -9.5 V are obtain- 
ed by supplying a positive voltage to the V+ and Vc termin- 
als such that the range of voltage applied between the V- 
and V+ terminals is between 9.5 V and 40 V. Values for R4, 
L1 and C1 are calculated from design information given in 
Appendix A. 


One method of providing short circuit protection for the posi- 
tive switching regulator is shown in Figure 8-28c, a modifica- 
tion of Figure 8-28a. The internal current limiting transistor 
is used to sense the voltage across Roc in the same manner as 
linear regulators. For output voltages above 5 V, D2 and D3 
should be added to protect the error amplifier input stage from. 
excessive voltages during output short circuit conditions. 


pA723° 


cL 
NON cs 
VREF INV INV COMP 


NON cs 





Fig. 8-28 Switching Regulators . 


The voltage necessary to turn on the current limiting transis- 
tor is the sum of Vgense_ (the Vpe of the current limiting tran- 
sistor) and the voltage across R9. Then, as shown in the for- 
mula below, 





. RQ 
Vesc = VseEnse + (Vin — Vo) ae : =) ,and 


VSENSE ) 
Rsc 


, Min- Vo) RQ 
Rsc R8 +R9 


ILIMIT = ( 


OUTPUT | APPLICABLE 
VOLTAGE CIRCUITS 
3.0 
(8-9a)8-9b 
3.6 8-10 
8-11b 
5.0 (8-12) 
| | 8-15 
6.0 8-28a 
9.0 niee 
8-9a(8-9b) 
1 
4 (8-10) 
8-11a 
1 
: 8-12 
28 (8-28a) 
2 8-13 
NOTES: 





OUTPUT 
VOLTAGE 


R8 and R9Y are included to supply positive feedback and, 
hence, maintain switching action even under short circuit 
conditions. This prevents over-dissipation if the regulator 
were allowed to go into a linear mode. Typically, R8 may be 
3 kQ2 and R9 302 so that to a first approximation, current 
limit is derived as follows: 


(Vin-Vo) 


VSENSE 
100 Rsc 


Rsc 


ILIMIT = ( 





OUTPUT 


APPLICABLE ADJUSTABLE 


CIRCUITS 


(Note 2) 
—9 


2.0 
3.3 
4.3 
10 
33 
91 


240 


1. Circuits in parenthesis may be used if R1/R2 divider is placed on opposite side of error amplifier. 


2. Vt must be connected to a +3.5 V or greater supply. 


Table 8-1. Resistor Values for Standard Output Voltages 
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CHAPTER 9 
104, 105 and 109 Voltage Regulators 


INTRODUCTION 


In addition to the proprietary regulators described in previous 
sections, Fairchild also second sources a number of other pop- 
ular regulator lines, the 104, 105 and 109 families. The 104 
family devices are adjustable negative regulators, the 105 
family devices are adjustable positive regulators. Both have 
excellent regulation characteristics but limited output current 
capability. The 376 regulator, based on the 105 series, is 
presently the only regulator available in the mini-DIP pack- 
age. The 109 family is specifically for 5 V logic power sup- 
plies, and its electrical characteristics have been designed to 
complement the requirements of the DTL and TTL logic series. 
Devices in the 109 regulator family are fully protected against 
usual power supply failure modes. They have internal current 
limiting, thermal shutdown, and safe area compensation. 


ADJUSTMENT 
O 
1 


REFERENCE REFERENCE 


SUPPLY 


Fig. 9-1 Equivalent Circuit of the 104 Voltage Regulator 
ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
104 
304 
Input/Output Voltage Differential 
104 
304 | 
Power Dissipation (Note 1) 
Operating Temperature Range 
Military grade (104) 
Commercial grade (304) 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


See page 9-6 for notes. 
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Condensed specifications, typical performance curves, and 
basic applications information are as follows. 


104 FAMILY 


Devices in the 104 family of voltage regulators may be pro- 
grammed by a single external resistor to supply any voltage 
from O V to -30 V from a single, negative unregulated supply. 
The basic regulator can supply up to 25 mA output current, 
which may be increased by the addition of external bypass 
transistors. Other applications include switching regulators 
and a floating regulator, requiring a separate bias supply, 
which provides 0.01% regulation at output voltages limited 
only by the breakdown of the external bypass device. 
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Fig. 9-2 Typical Performance Curves for 104 
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Fig. 9-3 
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Fig. 9-4 Typical Performance Curves for 104 & 304 
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104 


ELECTRICAL CHARACTERISTICS (Vinj = —50 V to -8.0 V, Ta = —55°C to 125°C, unless otherwise specified), Note 2. See Figure 9-6 


PARAMETER SoNcITIONe "MAX 


IL =5mA 0.5 
O<I_ < 20mMA, Rsc = 182 


R1=2.4 kQ | 
Vo <-1V,-55°C < Ta < 125°C 
10 Hz <f < 10 kHz, 


IL =5mA 
Vo = —40 V 
Long Term Stability | Vo <-1V 





304 
ELECTRICAL CHARACTERISTICS (V)nyy = —40 V to —8.0 V, Ta =O0°C to 70°C, unless otherwise specified), Note 2. See Figure 9-6 
PARAMETER 
lL =20mA 


lL =5mA 
O<Il_ < 20 mA, Rgc = 15 Q 
Vo <—5 V, AViIN = 90.1 Vin 


—7V2ViIN2—-15V 

rE 
<Ta< 

10 Hz <f <10kHz, 





NOTES: 

1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/C. 

2. The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into account 
separately when the unit is operating under conditions of high dissipation. 

3. When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, by approxi- 
mately 1 V. : 

4. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor 
will be roughly equal to the composite current gain of the added transistors. 

5. With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between O V and —5V, adc 
output variation, determined from the ripple rejection, must be added to find the worst-case line regulation. 
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TOP VIEW 


SEATING 
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Leads are gold-plated kovar 

Package weight is 1.32 grams 

INSULATING STANDOFF- High thermal resistance package 
SHAPE MAY VARY Lead 5 connected to case 

15 mil kovar header 





Basic Regulator Application (Figure 9-6) 


The output voltage is proportional to R2; the exact scale fac- 
tor may be set by adjusting R1. Short circuit current is set by 
the following equation | 
VSENSE 


Rsc 
C1 should be at least 1 uF, preferably solid tantalum, to pre- 
vent oscillations. A 0.01 yF capacitor may be required across 
the input if long leads are used from the unregulated power 
source. Line transient response, noise and ripple rejection 
may be improved by shunting R2 with a 10 pF capacitor C2, 
as indicated in the performance curves. | 


Isc = 


High Current Regulator 


Figure 9-7 illustrates the use of external bypass transistors in 
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Fig. 9-6 Basic Application 


Vin < -12 V0 


Vo = -10V 
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Fig. 9-7 High Current Regulator 


j-rommmoowp 


Fig. 9-5 Connection Diagram and Package Outline (TO-100 Package) 
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the construction of a 2 A, 10 V power supply. 


Floating Regulator 


If Veias in Figure 9-8 is a pre-regulated floating supply, 


0.01% regulation may be achieved with this circuit. Since ter- 
minals 8 and 9 are shorted in this application, the feedback 


R16 
R15+R16 


and the output voltage scale factor changes to Vo (V) = R2 
(k Q). 


Switching Regulator 


factor of one-half ( Figure 9-1) no longer applies 


Figure 9-9 shows a -5 V switching regulator for output cur- 
rents up to 3 A. C2 is added to reduce the transients that 
appear across R2 which might cause erratic switching. 
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Fig. 9-9 Switching Regulator 
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Fig. 9-10 Equivalent Circuit Of The 105 Voltage Regulator 


105 FAMILY 


The 105, 305, and 305A adjustable voltage regulators supply 
up to 45 mA at output voltages of 4.5 to 40 V (30 V for the 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
105, 305A 
305, 376 
Input/Output Voltage Differential 
Internal. Power Dissipation (Note 1) 
105, 305, 305A 
376 
Operating Temperature Range 
Military (105) 
Commercial (305, 305A, 376) 
Storage Temperature Range 
Metal Can 
Mini DIP 
Lead Temperature 
Metal Can (Soldering, 60 seconds) 
Mini DIP (Soldering, 10 seconds) — 


See page 9-11 for notes. 
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Fig. 9-11 
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Typical Performance Curves for 105/305/305A 
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Fig. 9-12 Typical Performance Curves for 376 
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ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) Note 2 


PARAMETER CONDITIONS | 

Input Voltage Range et 

Output/Input Voltage Differential | 
Rsc = 102, Ta = 25°C 


O<1, <12mA | Roc = 102, Tp = 125°C 


Rsc = 102, Ta = -55°C 


Vin Vo <5V an 
Line Regulation IN 0 

Vin-Vo>5V 
Ripple Rejection CREE = 10 uF, f = 120 Hz | 0.01 
Temperature Stability “55°C <TaA<125'C ee ee TO Oe % 














Load Regulation (Note 3) 










Feedback Sense Voitage errs 131 | ov 
Cc =Q 

OuieuNeweWolnge 10H2 <#<10kHe 
Creer > 0.1 uF 


Rsc = 102, T, = 25°C, 
Current Limit Sense Voltage eh OV A © 225 300 315 


Standby Current Drain Vin = 50 V Pe 2d 
Long Term Stability a 
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ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) Note 2 


PARAMETER CONDITIONS TYP MAX UNITS 


Input Voltage Range | ls || 

(Output VoitageRange | (asec, eas a 

Output/Input Voltage Differential | 
Rgc = 102, Ta 225°C Loe. 

PRsc=10%Ta=OC Te es ee 

a 

ee 

f= fea 

: PS 

Les 

















Load Regulation (Note 3) 











— < 





: CREF = 0 
Output Noise Voltage 10Hz<f< 10 kHz 
Cree > 0.1 uF 
ane Rsc = 102, Tp = 25°C 
Current Limit Sense Voltage 
Vo=0V 


Standby Current Drain Vin =40V 


NOTES: 
1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mw/°C for the metal can and 5.6 mW/°C 
for the mini Dip. 





2. These specifications apply for input and output voltages within the ranges given, and for a divider impedance seen by the feedback terminal 
of 2 k&2, unless otherwise specified. The load and line regulation specifications are for constant junction temperature. Temperature drift 
effects must be taken into account separately when the unit is operating-under conditions of high dissipation. 


3. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor 
will be roughly equal to the composite current gain of the added transistors. 


4. With no external pass transistor. 





305A 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise specified) Note 2 


PARAMETER CONDITIONS 


Input Voltage Range] 
Output Voltage Range ——SCdESCSC“‘~S*S*C~“*SCSCSC“~“‘“‘<~—rSCSt 
Output/input Voltage Differential | _—=—SS—SCS—~—S—SCSCSCSCSCSCSCSCS~sSCtC 

Agc=08,ta=2e | 


V 
VIN- Vo > 5V 

























Load Regulation (Note 3) 






















Line Regulation 









. . : fan 
a Ce ee ee Te ee I 2 
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ipple Rejection CREF =10 uF, f= 120 Hz 
emperature Stability . oC <Ta<70°C Led 


es) 


0.003 







‘Ti 


eedback Sense Voltage Ree ee ee 
CREF =0 

Output Noise Voltage 10 Hz <f < 10 kHz 
Creer > 0.1 uF 


urrent Limit Sense Voltage Rsc = 102, Ta = 25°C, 
(Note 4) Vo =0V 


Standby Current Drain Vin =50V aa 


fone Sasi. Le . Set ‘ an ve. 
ry 
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376 
ELECTRICAL CHARACTERISTICS 0°C < Ta < 70°C 


PARAMETER CONDITIONS 


Output Voltage Range 












Rsc = 02, Ta = 25°C 
O<I_ <25mA | Rgc = 09, Ta = 70°C 
Rsc = 02, Ta =0°C 






Load Regulation 





° 
ine Regulation 

Standby Current Drain VIN =30V, Ta = 25°C 

Reference Voltage fee eee ee 
urrent LimitSense Voltage | Cd 






NOTES: 

1. Rating applies to ambient temperatures up to 70 C. Above 70 C ambient derate linearly at 6.3 mW/°C for the metal can and 5.6 mw/°C 
for the mini Dip. 

2. These specifications apply for input and output voltages within the ranges given, and for a divider impedance seen by the feedback terminal 


of 2 kQ2, unless otherwise specified. The load and line regulation specifications are for constant junction temperature. Temperature drift 
effects must be taken into account separately when the unit is operating under conditions of high dissipation. 


3. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor 
will be roughly equal to the composite current gain of. the added transistors. 


4. With no external! pass transistor, 


TOP VIEW 
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TYP TYP 


Ss 


° COMPENSATION/ 
7A sHuTDOWN 


OUTPUT 2 6 EEDBACK 


5 ef REFERENCE 
BYPASS 


GROUND 


C=-—-ZTOoOnmMoooD Pp 


Package weight 1-22 grams 
Leads are gold-plated kovar 
Lead 4 is connected to case 


INCHES MILLIMETERS 
TYP TYP 


6 [3 COMPENSATION 
7 [I FEEDBACK 
8 [9 REFERENCE 


TOP VIEW 


Package weight 0.6 grams 
Leads are tin or gold plated kovar 
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Fig. 9-14 Connection Diagram and Package Outline for 376 (Mini Dip Package) 





Fig. 9-15 Basic Positive Regulator and Test Circuit 
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109 FAMILY 


The 109, 209, and 309 are 3-terminal 5 V regulators which 
can provide over 1 A output current with adequate heat sink- 
ing. They employ internal current limiting, thermal shutdown 
and safe area compensation, making them virtually inde- 
structible. 


* C1 required if regulator is located an appreciable 
distance from power supply filter 
* * No output capacitor is needed for stability; but 
it does improve transient response 


Fig. 9-16 Basic 5 V Regulator 








Fig. 9-17 Equivalent Circuit of the 109 Voltage Regulator 


ABSOLUTE MAXIMUM RATINGS | 


Input Voltage | 35 V 
Internal Power Dissipation Internally Limited 
Storage Temperature Range | -~65°C to +150°C 
Operating Junction Temperature Range | 
109 | -55°C to +150°C 
209 © -25°C to +150°C 
309 | O°C to +125°C 
Lead Temperature (Soldering, 60 seconds) 300°C 


MAXIMUM AVERAGE | PEAK OUTPUT 
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Fig. 9-18 Typical Performance Curves for 109 & 209. 
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Fig. 9-19 Typical Performance Curves for 309 
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ELECTRICAL CHARACTERISTICS: | 
(Tj = —55°C to +150°C for 109, —25°C to +150°C for 209, 0°C to +125°C for 309, Vin = 10 V, IL =0.5A, unless otherwise specified) 


PARAMETER CONDITIONS 


Output Voltage Ty=25 C 109, 209 
309 


Line Regulation : — -Ty=28°C,7.0V < Vin <25V 
Load Regulation Ty=25°C,5.0mA <1, <1.5A 


Output Voltage . 109, 209 
8.0V < Vin <20V, 
L <1 


5.0mA <1 .OA,P<20W 
309 


7O0V<Vin S25 V, 
: 5.0mA <1, <1.0A,P < 20W 


Long Term Stability 109, 209 
Thermal Resistance Junction to Case 
(Note 1) 


Note 1. Without a heat sink, the thermal resistance is approximately 35°C/W. With a heat sink, the effective thermal resistance can only 
approach the values specified, depending on the efficiency of the sink. 





INCHES MILLIMETERS 





NOTES: 

Leads 1 and 2 electrically isolated 
from case 

Case is electrically connected 
to common 

Leads are gold-plated copper 
cored kovar 


Package weight is 7.4 grams 


COMMON LEAD 3 


FACT TOMMIVOWVODY 





Fig. 9-20 TO-3 Outline And Connection Diagram 
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IN THIS APPENDIX: 


—@® INTRODUCTION 

@® CIRCUIT OPERATION 
@® DESIGN EXAMPLE 

@ POWER LOSSES 


APPENDIX A 
Switching Regulator Design 


INTRODUCTION 


The switching mode voltage regulator offers the advantage 
of high efficiency over the more common series or shunt regu- 
lation schemes. This is particularly apparent when there is a 
large difference between the input voltage and the regulated 
output voltage. Consider, for example, a voltage regulator 
with 28 V input and an output of 5 V at 1 A. A conventional 
series regulator would require a drop of 23 V across the pass 
transistor. Thus, 23 W are wasted, and the efficiency is only 
18%. Switching regulators, however, can be simply designed 
to give efficiencies greater than 75% under the same input 
and output restrictions. 


Switching regulators are also useful in applications where 
cost, rather than efficiency, is the prime design criterion. The 
designer may trade the cost of a high power series pass tran- 
sistor for a slight increase in circuit complexity that allows the 
use of lower power switching transistors. 


One area of caution when using switching regulators is the 
generation of electromagnetic and radio frequency interfer- 
ence (EMI and RFI). Solutions to these problems generally 
revolve around the use of feed-through low pass filters isolat- 
ing the lines to the regulator, and careful mechanical design 
to suppress radiated interference. | 


CIRCUIT OPERATION 
Basic Switching Regulator 


Referring to Figure A-7, the operation of a switching regulator 
depends upon a duty cycle generated by switch Q1 and inte- 
grated by choke L1, capacitor C1 and freewheeling diode D1, 
to transfer the power efficiently from a higher input voltage 
to a lower output voltage at a ratio determined by the duty 
cycle. Diode D1 conducts during the time switch Q1 is open 
to provide a current path for the choke L1 to maintain current 
flow into capacitor C1. Conversely, when Q1 closes, the diode 
must recover in the shortest possible time to optimize the 
overall circuit efficiency. 


The switch transistor Q1 is operated only in saturation or in 
cut-off so that power dissipation is kept to a minimum. 





Fig. A-1 Basic Switching Regulator 





When Q1 closes, the current flowing through L1 will increase 
linearly according to the equation shown. 


Al. 


Vin — Vout = L1 —— 
ton 


This current supplies the load R,_ and charges capacitor C1. 
The voltage at the non-inverting input of the error amplifier is 
given approximately by the following formula. 


R1 
V’REF = VREF + vin( =) {assuming R2 >> R1). 


Vin (R1/R2) is equal to the hysteresis Vj}, introduced to the 
error amplifier to assure a switching mode of operation. 
When Vo reaches Vpe_r, the error amplifier turns off tran- 
sistor Q1. The current in L1 starts to decrease, causing the 
voltage at point A to swing negatively unti! D1 is forward 
biased. The inductor current now flows through D1, and de- 
creases at a rate approximated by: 


Alt. 


When the inductor current falls below the load current, the 
output capacitor starts to discharge and Vo decreases. When 
Vo falls to a level slightly less than Vper, the error amplifier 
turns Q1 back on and the cycle is repeated. The output from 
the regulator ripples above and below a dc level set by Vref. 
The peak-to-peak ripple is slightly greater than V,, because 
inductor current continues to charge the capacitor for a short 
time after Q1 is switched off. The pertinent voltage and cur- 
rent switching waveforms are shown in Figure A-2. 


VIN —VCE(sat) 


Fig. A-2 Switching Waveforms 





DESIGN EXAMPLE 


All of the elements needed to control the operation of a switch- 
ing regulator are contained in IC voltage regulators; this 
makes them ideal for use as control circuits in switching reg- 
ulators. Using the pA723 in the construction of a5 V,2A 
regulator from a 28 V input illustrates the design of such a 
regulator. Maximum inductor current is 2.1 A, maximum 
peak-to-peak output ripple (AVo) 40 de and the switching 
frequency 20 kHz. 


Step 1 — Select Viz). 


Controlling the hysteresis provides a convenient means for 
trimming the operating frequency as well as supplying posi- 
tive feedback to enhance switching action. A reasonable 
value for Vy, is 10 to 20 mV below the allowable peak-to-peak 
value of the output ripple. If Vjy = 30 mV is selected and | 


R1\__ ; 
VH= VIN aS (where R1<<R2) 


then, ifR1=1kQ, R22 ete Wa me 
30(10—3) 


Step 2 — Calculate L1 


L1 may be calculated using the following relationship. 





(ViIN—Vo ) ton 

~ 2(ImMax—lout) 
where: 

tn" 

"A vin /f 
then: 


_ (28-5) e 
—e 


nn —— = 1.025 mH 
” 3(2.4-2) 28 2x104 


Step 3 — Calculate C1 


C1 may be calculated as follows. 


(Vin—Vo) Vo 
Bit? Vin (AVo —Vy) 
then: 

(28—5)5 


0. - — eee 
8(1.025X10—3) (2x104)228 (40—30) (10-3) 


C1 = 125 uF 


The final circuit configuration (Figure A-3, Positive Switching 


Regulator) uses L1 = 1 mH and C1 = 100 pF. 


R2 
Vo = VREF (5) =5.0V 


This circuit is further explained in Chapter 8, (Figure 8-25a). 
The efficiency of this circuit is 75% at 1 A output and 73% at 
2 A output current. 


A-4 





Fig. A-3 Circuit Configuration 


POWER LOSSES 


Power is lost in a switching regulator through conduction and 
switching losses. 


The conduction loss in the switch transistor is a function of 
VCE(sat) louT: and the fraction of a full cycle that the tran- 
sistor is conducting. The power loss is given by: 


ton 


(rs) (mt) (Se) «(rem (oor) 


The diode D1 conducts during the time the switch transistor 
is off. The conduction loss of the diode is determined by the 
forward drop of the diode Vr, Igy, and the fraction of a 
cycle that the diode conducts. This conduction loss is given 


toff 


| Vin — Vo 
Ve lout | ————] = Ve lout |———— 
toff + ton VIN 


Switching losses contribute substantially to the total power 
loss. The highest peak powers are dissipated when Q1 begins 
to turn on. Current from the transistor must remove the 
charge stored in D1, which is still in forward conduction. A 
transient current, limited primarily by the drive capability of 
Q1, flows for a time equal to the reverse recovery time of D1. 


‘During this interval the full input voltage appears across Q1, 


and the peak dissipation is quite high. 


To minimize the power loss due to this current spike, D1 
should be a fast recovery power diode. Ordinary power de- 
vices, not intended for switching operation, seriously degrade 
the regulator efficiency. 


Some power is lost during the rise and fail times of the switch- 
ing transistor, but this loss is negligible if high frequency 
switching transistors are used as bypass devices. Some power 
is lost due to the quiescent current in the IC regulator, and is 
to be considered in a detailed efficiency calculation. The 
greatest power losses, however, are attributable to the switch- 
ing losses outlined above. 


2?) Shy yO 
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APPENDIX B 
Power Supply Design 


INTRODUCTION 


In many power supply designs a means of converting an ac 
input voltage to a suitable dc voltage level is required. This 
is in addition to the voltage regulators discussed in this hand- 
book. Appendix B discusses the performance characteristics 
of the most common forms of rectifier/filter combinations, 
and provides appropriate design equations for any output 
voltage and current. 


DEFINITION OF TERMS 


The following list covers those terms and definitions used in 
this Appendix. 





Parameter Definition 
VM peak input voltage 
Vo dc output voltage 
Vk transformer peak voltage 
Vs ac input voltage 
Irms 
F form factor of the load current = lo 
lac effective value of all alternating components 
of load current, i.e., the current reading on an 
ac meter 
IM peak current through each rectifier 
lo average value of the load current, the reading 
on a dc meter 
rms effective value of the total load current 
V lac2 + Ip2 
Pin ac input power 
Po dc output power 
Ru load resistance 
Rs total series resistance, or the source resistance 
plus any added resistance plus the diode series 
resistance 
94 ripple factor in all charts normalized as 100% 
equal to 1, | 
lease 2 1/2 
Y =(F2-1) = | ‘re —1 
lo 
Po 
7]R rectification efficiency or —— x 100% 
in 
Gd) 2 Xf where f = line frequency 


SINGLE PHASE, HALF WAVE RECTIFIER 


Figure B-7 is a half wave rectifier and capacitor filter. With- 
out the capacitor, peak current is 


VM 
IM = Rg + Ry 
on. the positive half cycle (or forward conduction cycle) of the 


input voltage. Some additional electrical characteristics 
follow. 


: _|M _ 406 
rms 2 (1488) 

IM Ri 
lo- = 


1 Pim ) 
Po rr be reer eee Oe 
72 \(Rgt+R,)2 


-\) Vs = Vm sin ot 





Fig. B-1 Half Wave Rectifier Circuit with Capacitive Filtering 


Note that for a resistive load, the maximum ripple factor is 
121% which, under most circumstances, requires filtering. 


~When the capacitor is added across the load resister, the 


ripple is reduced proportionate to the R; C product as shown 
in Figure B-2. 
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Fig. J Ripple Factor vs w R,C 


One possible problem with any capacitive filter is the high 
peak current drawn due to the diode back-bias present 
throughout most of the input cycle. This is a result of the 
voltage stored across the filter capacitor. The rectifier con- 
ducts only during that short period of time when the input 
voltage exceeds the capacitor voltage by one diode drop. 
During conduction, the rectifier must supply the capacitor 
with sufficient energy to hold the ripple within specification 
until the next conduction cycle. Figure B-3 is a plot of the 
Im7lo ratio versus the Rj C product with the Rg/R, ratio as 
a variable. Notice that the surge-to-de ratio of current in- 
creases as a function of both increasing capacitor value and 
of a reduced source-to-load impedance ratio. 
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Fig. B-3 Inq/I¢ vs RL C Plot 


When the ripple factor, load impedance, and @ are known, 
the required capacitance can be determined from Figure B-2. 
Because of the high turn on surge, an external series limiting 
resistor is normally needed. Figure B-4 is a plot of the dc-to- 
peak voltage ratio with the filter product as the X axis and 
the source/load impedance ratio as the third parameter. 
Note that the dc output-to-peak input voltage ratio approach- 
es unity as the filter factor goes up and also as the source-to- 
load impedance ratio decreases. 
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Fig. B-4 DC-to-Peak Ratio Plot 


Because of the relatively large value of the filter capacitor 
required for a given ripple factor, the use of the half wave 
capacitor filter is usually limited to low current applications 
such as the subsidiary power supply for the pA723 in a float- 
ing regulator configuration. 


HALF WAVE RECTIFIER WITH SERIES INDUCTIVE 
FILTER 


Vs = Vm sin wt 


Fig. B-5 Half Wave Rectifier 


Figure B-5 is a half wave rectifier with series inductive filter- 
ing. The inductor, in series with the load, prevents any rapid 
changes in the current flow and thus reduces the ripple factor 
by acting as an energy storage device. When the current flow 
is above the average current required, energy is stored in the 





inductor and, when the current is below the average, the 
stored energy is released. Figure B-6 is the plot of ripple fac- 
tor versus filter product for the inductor input filter. 
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Fig. B-6 Ripple Factor vs Filter Product Plot 


Because of the energy storage available with an inductor, the 
peak current through the rectifier is littlke more than the 
average current. However, the peak inverse voltage PIV 
seen by the rectifier is simply Vpy, the peak input voltage. 
Figure B-7 is a plot of the Vo/Viy ratio as a function of the 
inductive filter product. 
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Fig. B-7 Vo/Viyy Ratio Plot 


SINGLE PHASE FULL WAVE RECTIFIER 





Fig. B-8 Basic Full Wave Rectifier 


Figure B-8, a basic full wave rectifier, has the following - 
electrical characteristics. 


IM nR 81.2 ‘ 
rms ~ = 6 

J2 (1 +78) 

aim ae 
lo =— 

ae Y= 0.48 

ey VM2RL 
eo aed Gos ——— et 

T/ (Rgt+R,)2 


There are two interesting features. Efficiency has doubled, Design Example 

Bee alle Cie bee ee ler coup ine tio umbe server tiiels: lf a full wave circuit is required with the following charac- 
In addition, the ripple factor has decreased from 121% to ia 

48% in comparison with the half wave circuit. Even with FOHSHES: 

ripple reduction, a 48% factor is normally too high to be use- 


: ; ; ; Vo =20V 
ful and must be filtered. Figure B-9 is the filter product plot : 
for both capacitive and inductive filters, assuming Rg<<R, . Io=1A 
y <0.1 
7 with Rg = 1 


then: 


Step 1 ‘Find the filter product from Figure B-9 for 
Y <0.1.(G@RL_C = 10) 
Step 2 Calculate Ry, 
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a Ra Step3 Calculate C 
Fig. B-9_ Filter Product Plot C= eee = bie ae 1300 uF 


Ri 120X207 24077 


High peak currents are always associated with capacitive Rs 
filters and Figure B-170 plots the ratio of peak-to-de current step 4 Calculate a 
as a function of the filter product. L 
Rs 1 


—— =— = 5% 
R, 20 





mney Ht 
Hite 1 
mame aan Step 5 ~——~ Find the transformer peak input voltage from the 
saiiimasi mai following. 
Oo Poo EE 
2 SS Vpk = diode forward voltage. One diode forward 
eT ee fi voltage drop for a center tapped full wave input, . 
SS = | two diode forward voltage drops for a full wave 
bridge 
Vo 
* VolV 
w@REC O'VM 


~ using the filter values from Figure B-17. 









; 20 R 
Fig. B-10 Peak-to-DC Ratio Plot Vpk = 0.7 + 5g5 (intersection of 5% 7 and 
The relationship between the filter product, the Rg/Ri ratio GR,_C = 10: from Figure B-11,) 
and the dc output-to-peak input voltage is given in Figure 
8-177 for the capacitive input filter. Load regulation may also 
be determined from Figure B-77 by using the high and low 
limits for R,. 
| L Vik = 0.7 + 25.3 = 26 V peak or 
52 V pk-pk or 
ae 0.05 18.6 Vims 
Do ail i 
or ST rn 4 
aeismni ; 
m Vi eae 8. 
zg ad 2 
S$ o6 manent ep Amer 3 20 2 Step 6 Check peak diode current from Figure B-70. For 
See tt 35 this example at a filter product of 10, the peak cur- 
0.5 pms a eee permet Ht} ona i . 
asst ett it &° rent is seven times the dc current, or 7 A. 
Bscceceteetnemtnl 
aoe eee eoomenent ie 
oaks si atti LC SECTION FILTER 
WRLC 
" The LC section filter is one method of reducing ripple levels 
without the need for single, large value filter components. 
Fig. B-11 Load Regulation The basic circuit is shown in Figure B-72. 
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Fig. B-12 LC Filter 


As a general rule, the capacitive reactance should always be 
less than 10% of the load resistance at the second harmonic 
of the incoming frequency. All the succeeding information 
is based upon this ratio. 


The ripple factor for an L-section filter has the form: 


0.47 
4w2LC—1 


or, if n L-section filters are cascaded, then the ripple factor is: 


0.47 
(4002L1C1—1) (4w2L2C2—1) --- (4w2L_Cy—1) 


Figure B-13 is a plot of the filter factor versus the w2LC 
product. 


tian 
10 


nan rH hh 
a HTH Ht ttt 


PS Tot 
Satin 


SSeS. SS Ss SS Sc.. eo —— ees 


RIPPLE FACTOR 





Fig. B-13 Filter Factor vs w?LC 


The one additional requirement is continuous current flow 
through the inductance. This says, in effect, that there is a 
critical inductor size. To assure this continuous current flow, 
a bleeder resistor Rx must be used at the filter output. The 
critical value of inductance is: 


oe Rs + Reff 
e 6rf 
where: 
— RKRL(max) 
Reff = ————_ 
Rk + Ri(max) 


and: 


Either Ik may be assumed to be 10% of minimum load cur- 
rent or, if this is not a practical value, then some reasonable 
minimum bleeder current is selected. Once the critical in- 
ductance is found, then the capacitor value may be deter- 
mined by: 


Step1 SetL= 2l¢ 


Step 2 Determine w2LC from Figure B-73 for the required 
ripple factor 


Step 3. Solve for C from w2LC = X where X is the product 
from Figure B-13 


The peak rectifier currents depend upon the size of the induc- 
tor selected such that if L=Lc¢ then Ing =2 1, andifL=2Lc¢ 
then Inq = 1.5 I. 


The transformer secondary voltage is given by: 


Vrms = 1.11 [Vo + Rg (IL (max) + 1K] 


and the minimum PIV for the rectifier is 1.57 VoQimax) for a 
full wave bridge rectifier. 


For minimum power dissipation, RK should be as large as 
possible. In some cases, since the value of critical inductance 
is proportional to the value of the bleeder resistor, the selec- 
tion of a high value results in an inductance too large to be 
practical. In this case, a swinging choke or a choke whose 
inductance decreases with increasing current flow, is needed. 


Design Example 


Full wave, single section, choke input filter design, 


Vo =50V 
lo=1A 
Ik = 100 mA 
Rg = 10 2 
y= 1% 
Step 1 Calculate RK 
V 50 V 
K = “o = Eh 500 Q 
Ik 100mA 
Step 2 Calculate Reff 
RKRL(max) 
Reff = ————_ = 500 © (RL (max) = ©) 
RK + RL(max) 


Step 3 Calculate Lc 


Rerp+ Rg 500+10 510 


Step 4 Calculate C 


y = 0.01 


then: w2Lc@C = 12 from Figure B-13 


w2Le (1207)20.5 


12 


—__—____— = 0.169 X 10-3 = 169 uF 
142 X 103 X 0.5 


Step 5 Calculate Ipg 
Since L=Le¢ 
then Ip = 2 (Ig + IK) 
ImM=2x1.1=2.2A 
Step 6 Calculate voltage drop both at no load and full load 
a. Vp no load = Ik (Rg) =0.1x10=1V 


b. Vp full load = (Io + I) Rg =1.1 x 10=11V 


Step 7 Calculate transformer minimum rms voltages 


Vrms = 4-11 [ Vo + Rg (lo(max) + IK) | 
Vims = 1.11 (50 +10 x 1.1) 
Vems = 1.11 (61) 


Vrms = 67.5 Vrms 


Step 8 Calculate maximum output voltage 


Vrms 


VO(max) = Fer —IkRg 


67.5 
Vo(max) = = —0.1 X 10 = 61—1 = 60 Vde 
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Step 9 Calculate PIV rating req@ired 


PIV = (1.57) VO(max) (See Table B-1) 
PIV =1.57 x 60 =94 V 


The transformer ratios are determined from Table B-1. 


SWINGING CHOKE LC SECTION FILTER 


When designing a swinging choke section filter, the induct- 
ance required at the minimum and maximum output currents 
can be determined as follows. 


1. Find L¢ (critical inductance) 


Rs + Reff 
Le = ——_—— 
6rf 
where, as before: 
_ RKRL(max) 
Reff = 


Rk + RL(max) 
2. Find L2 (inductance at maximum load current) 


_ Fs + Rett2 
6nf 


L2 


where: 


ne RL(min) RK 
Ri(min) + RK 


When L¢ has been determined, then the capacitor value may 
be calculated as before. 


The condition w2Lc¢<1/4 should be avoided due to possible 
filter instabilities. 





THREE PHASE 
SINGLE PHASE SINGLE PHASE SINGLE PHASE THREE PHASE THREE PHASE SiX PHASE DOUBLE WAVE 
HALF WAVE FULL WAVE FULL WAVE STAR FULL WAVE Bete) ae 
(1-A) CENTER TAP BRIDGE (HALF WAVE} BRIDGE ( INTERPHASE - 
(1-B) (1-C) (1-0} 


(1-€) DIAMETRIC) TRANSFORMER 
1-F (1-G) 





Fig. B-14 Rectifier Circuits Wave Shapes 


Three Phase: 
Six-Phase Double Wave 
Single Phase Single Phase Three Phase Three Phase Star With 
Single Phase Full Wave Full Wave Star Full Wave (Three Phase Interphase 
Half Wave Center-Tap Bridge (Half Wave) Bridge Diametric) Transformer 
Characteristic (See 1-A) (See 1-B) (See 1-C) (See 1-D) (See 1-E) (See 1-F) (See 1-G) 


R.M.S. Resistive & 
Input Voltage Inductive 
Per Transformer 
Leg 
(Vi) Capacitive 0.707 Vo 0.707 Vo 0.707 Vo 0.707 Vo 0.408 Vo 0.707 Vo 0.707 Vo 


Peak 
Inverse 
Voltage 

Per Rectifier 
(P.1.V.) 


Average 

Current 

Through 
Rectifier le 


2.22 Vo 1.11 Vo 1.11 Vo 0855VQ 0428VQ 0.741Vo 0.855 Vo 


0.333 lo 0.167 lo 0.167 Io 


Peak 1.5710 1.2110 1.05 19 0.525 lo 


Current 
Through 
Rectifier ty 


1.00 Io 1.00 lo 1.00 Io 0.500 Io 


Depends on Size of Capacitor 


Transformer Sine Wave 
Total 
Secondary 
VA Sq. Wave 


Transformer Sine Wave 
Total 
Primary 
VA Sq. Wave 


Sine Wave 


% Ri 
i Resistive Load 


Lowest 
Ripple Frequency 


2 Fy 2 Fy 6 Fy 6 Fy 


Conversion 


i 81.2% 81.2% 99.5% 99.5% 
Efficiency 





Table B-1 Electrical Reference Table 
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SINGLE PHASE SINGLE PHASE 
SINGLE PHASE FULL WAVE FULL WAVE 
HALF WAVE CENTER TAP BRIDGE 
2-8 


SINGLE PHASE 
FULL WAVE 
VOLTAGE DOUBLER 
(2-D) 





Fig. B-15 Rectifier Circuits Wave Shapes 


Single Phase Single Phase Single Phase 
Single Phase Full Wave Full Wave Full Wave 
Half Wave Center-Tap Bridge Voltage Doubler 
Characteristic (See 2-A) (See 2-B) (See 2-C) (See 2-D) 
Vi 0.910 Vo 0.825 Vo 0.805 Vo 0.552 Vo 
PIV 2.56 Vo 2.34 Vo 1.14 Vo 1.56 Vo 
Ripple 0.12 Vo 0.06 Vo 0.06 Vo 0.09 Vo 
Inj/Rect. 7.80 Io 4.75 lo 4.75109 3.00 lo 
inms/Rect. 2.50 Io 1.33 Io 1.33 109 1.10 lo 
SEC VA 2.35 Po 2.16 Po 2.16 Po 1.22 Po 
PRIVA 2.35 Po 3.05 Po 2.16 Po 1.72 Po 


Table B-2 Capacitive Input Filter Characteristics 


CAPACITIVE INPUT FILTER CHARACTERISTICS 


When the voltage and current levels are known, Table B-2 
can be used to select the optimum configuration and deter- 
mine transformer and rectifier characteristics. 


PRE-REGULATORS 


Pre-regulators for use in power supplies take one of two 
forms. 


@ Fixed output circuit for use with limited output adjustment 
range supplies (Figure B-76). 





VouTi(min) = Vz (D5) — SCR gate losses 


Fig. B-16 Fixed Output Circuit 


@® Tracking pre-regulators which maintain a fixed minimum 
input/output differential (Figure B-7 7). 


In both cases this circuitry operates by holding the SCR gates 
at some dc potential which fires the forward biased (anode 
to cathode) device whenever the ripple voltage on the filter 
capacitor drops to a level sufficient to exceed the gate-to- 
cathode threshold of the SCR. 


Two precautions are necessary when either pre-regulator 
circuit is used. 


@ The firing of the SCR is done on a dc drive basis, and rep- 
resents a ‘soft fire’’ condition, i.e., no gate overdrive; 
this should be considered when selecting power devices. 


@ RFI should be considered in the application of these cir- 
cuits as the SCRs operate effectively as phase control de- 
vices. 


TO REGULATOR 
OUTPUT 


Vout(min) = Vout(reg) + YZ (D1) — SCR gate threshold 


Fig. B-17 Fixed Input/Output Differential 





COMPLETE CIRCUITS 


Two circuits are included to show combinations of several of 
the circuit techniques previously presented. 


Figure B-18 is a grounded, tracking pre-regulator design ad- 
justable from 3 to 25 V using the transformer shown with the 
minimum input/output differential set by the 1N749 Zener 
diode. The power for the regulator control portion is pro- 
vided by a separate voltage source to insure efficient opera- 
tion at low output voltages, while maintaining a voltage 
greater than the 9.5 V minimum specified for the pA723 
internal circuitry. 


Figure B-19 again provides a controlled voltage across the 
series pass device. But, due to the floating configuration, 
the device is capable of regulation from O to 150 V using the 
specified isolation transformers. In this example, the power 
for the integrated circuit is provided by the combination of 
the voltage doubler C1, C2, D1, D2 and transistor buffered 
Zener diode which provides approximately 20 V for the regu- 
lator. 


In both Figures B-718 and B-79, the maximum output capa- 
bility is limited by the power components; therefore the se- 
lection of a heavy duty transformer, diodes, SCRs and output 
devices allows power capability expansion of the basic cir- 
cuitry to fit almost any requirement. 


pA723 
V- 


NON cs 
VREF INV. INV COMP 


TYPICAL PERFORMANCE 


Vo 3 V to 25 (Transformer Limit) 

louT current limited at 0.8 A 

Line Regulation < 1mV any Voltage and Load 
AV in = 95 Vrms to 125 Vrms 


Load Regulation .04% of Vo 
A louT = 50 mA to 500 mA 
Ripple and Noise = < 2 mV pk-pk over full VQ Range 





Fig. B-18 Tracking Pre-Regulator 


Q2 "a CL pe 
af VREF INV INV COMP 
ISOLATION 
TRANSFORMER . 
D4 
D13 NW, D9 D8 
in4819 2S we ZN. inas19 1N963 
RQ 
IN4819| 50, 
, 


4 
p14 
D10 
1N4819 a SH iNas19 e 

D11 

1N4819 
: 

eRe I 

D15 


500 yF 
L 250 V 


TYPICAL PERFORMANCE 


Vo = 0 to +150 Vo (Transformer Limit) 
louT current limited at 170 mA 

Line Regulation = 0.04% of Vo 

AVin = 95 Vrms to 125 Vrms 


Load Regulation 0.1% of Vo 
Alout = 15mA to 150 mA 
Ripple < 0.05% of Vo 





Fig. B-19 High Voltage Tracking Regulator 
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IN THIS APPENDIX: 


® INTRODUCTION 

| @ SAFE AREA CONSIDERATIONS 

@® FORWARD BIASED AREA 

@® REVERSE BIASED SAFE AREA 

@® SILICON POWER TRANSISTORS 

@ POWER TRANSISTOR SELECTION CHART 
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APPENDIX C 


Power Transistors 


INTRODUCTION 


To assure the reliable design of a regulator involving power 
transistors, the designer must be fully aware of the capabili- 
ties and limitations of these components. The object of this 
appendix is to enhance the designer's understanding of the 
mechanisms affecting the performance of power transistors 
under conditions of high electrical and thermal stress. A selec- 
tion guide of Fairchild power transistors is included. Full 
specifications, characteristic curves and package dimensions 
are available in the Fairchild Discrete Products Databook. 


SAFE AREA CONSIDERATIONS 


Power transistors are normally operated under high current/ 
voltage/temperature conditions. These conditions, separately 
or in combination, can be destructive. Care must, therefore, 
be exercised to ensure that the device selected for a particular 
application is capable of safely withstanding all operating 
conditions that will be imposed. Safe area curves provide a 
means for determining this capability. These curves specify 
the limits within which each device can be safely operated 
without failure or degradation. 


There are two basic safe area operation modes: the forward 
biased mode and the reverse biased mode. Bias here refers to 
the bias of the emitter base junction. A typical example of for- 
ward biased operation occurs during Class A operation of a 
power amplifier. A typical example of reverse biased opera- 
tion occurs during the turn off of a hammer driver switch. 


FORWARD BIASED AREA 


A typical safe area plot for dc forward biased operation is 
shown in Figure C-7. Maximum permissible power dissipation 
Pp is shown as a function of collector-to-emitter voltage 
Vce and case temperature Tc. Note that the plot is actually 
a composite of several safe areas, each corresponding to a 
different case temperature. This can be most easily under- 
stood by referring to Figure C-2, which illustrates the safe 
area that applies for a case temperature of 100°C. Operation 
at any point (any combination of voltage and power dissipa- 
tion) within the area indicated is safe. For example, 30 W can 
be safely dissipated when case temperature is 100°C and col- 
lector voltage is 50 V. 


eae Y 
EET 


ca Oo 


POWER DISSIPATION — W 
CASE TEMPERATURE — °C 





00 
0 10 20 30 40 50 60 70 80 90 100 . 


COLLECTOR TO EMITTER VOLTAGE — V 


Fig. C-1 Typical Safe Area Plot 
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POWER DISSIPATION — W 





0 10 20 30 40 50 60 70 80 90 100 


COLLECTOR TO EMITTER VOLTAGE — V 


Fig. C-2 Forward Biased Safe Area, dc 


Safe Area Limiting Factors 


The basic factors limiting the dc forward biased safe area of a 
power transistor are indicated in Figure C-3. The left hand 
boundary represents the maximum rated collector current Ic. 
Operation to the left of this boundary may cause melting of 
the emitter lead wire, lifting of the lead wire bonds, or damage 
to the chip itself. The top boundary represents the thermal 
limitation. Operation above this boundary, at a specified case 
temperature, causes overheating of the chip which might im- 
pair reliability or, for some devices, melt the die attach solder. 
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Fig. C-3 Safe Area Limiting Factors 


The inclined portion of the right hand boundary represents 
the second breakdown. Operation to the right of this bound- 
ary causes second breakdown which might destroy the device 
due to localized overheating. The vertical portion of the right 
hand boundary represents the primary voltage breakdown 
limitation VCEO(sus): Operation to the right of this boundary 
results in voltage breakdown and excess current which can 
destroy the device. 


The Thermal Limitation 


The thermal limits placed on power dissipation, indicated by 
the upper boundaries of the safe area curves, are established 
to prevent overheating of the chip, and depend upon the junc- 





tion-to-case thermal resistance © jc of the device. This resis- 
tance determines how readily the heat generated in the chip 
during operation is conducted to the outside surface of the 
case (package). It is measured by comparing, at a known lev- 
el of power dissipation, the temperature of the chip — speci- 
fically, the temperature of the collector base junction — with 
the temperature of the case. It is expressed in units of de- 
grees centigrade (temperature difference) per watt (of power 
dissipation). 


The industry specifies a maximum permissible junction tem- 
perature of 200°C for most power devices. Based on this lim- 
it and the © jc value, maximum allowable power dissipation 
in the thermally limited region can be determined for any case 
temperature. 


Heat Sinking 


In general two types of heat sink are used. The commercial 
heat sink with a specified thermal resistance, and the avail- 
able or added piece of metal whose thermal resistance can be 
determined through the use of the chart, Figure 3-2, Chapter 
3. Note that thermal resistance decreases as the thickness of 
the mounting material increases. 


Once the heat sink thermal resistance is known, then for any 
maximum ambient temperature, the maximum available pow- 
er dissipation for a given device may be calculated using the 
following formula: 


T (max) = TA(max) 


P = 
Dimax) " 6 yc + OcHs * CHSA 


Where: 
6 jc = Thermal resistance from junction to case. 
@cns = Thermal resistance from case to heat sink. 


Gus, = Thermal resistance from heat sink to ambient. 


The @cps varies with the device mounting method, the use 
or absence of an alumina filled silicone grease to help remove 
the voids in the case-to-heat sink interface, the inclusion or 
absence of an electrical isolating mica, beryllia, or anodized 
aluminum washer between the device and heat sink and final- 
ly, the degree of mounting pressure which is applied through 
the device hold-down mechanism. Applicable package torque 
specifications should be observed to further minimize the 
case-to-heat sink thermal resistance. The results of using a 
silicone grease to help remove the voids in the case-to-heat 
sink interface is shown in Table C-1. 


Thermal Resistance for TO-3 Package Outline 


8cHs Dry 
Washer °C/W 


None 
Mica 
Anodized Al. 








OcHs with Silicone 
Grease*, °C/W 





*Grease applied to both sides of washer. 


Table C-1 Silicon Grease Characteristics 


Using the above information, the maximum power dissipa- 
tion available can be calculated for the following device and 
ambient conditions: 
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2N3055 
65°C 
2.5°C/W at 10 W 


Power device 

Maximum ambient temperature 
Heat sink thermal resistance 
(Thermal resistance decreases 
slightly with increasing power 
dissipation) 

Mica washer with silicone grease 


Maximum power dissipation is: 


_ 200°C -65°C = 135 © 


Similarly, if the heat sink thermal resistance is required for the 
following conditions: 


8 jc = 3°C/W 
T (max) = 200°C 
TA(max) = 55°C 


Pp =15W 
Anodized aluminum washer with silicone grease 


then: T = 
| J(max) 
CHSA = > ee (jc +8CHs) 
200 —55 ° 
- —— ~(8+0.3) = 9.7—3.3 = 6.4°C/W 


For TO-5 devices, and others without heat sinks, another ther- 
mal resistance value must be considered: case-to-ambient 
thermal resistance, @c,a. This resistance is typically much 
greater than © jc since the mode of heat transfer is by convec- 
tion and radiation into the surrounding ambient air, rather 
than by direct conduction. The total resistance to heat trans- 
fer out of the chip is the sum of 6 jc and Oca. This sum is 
junction-to-ambient thermal resistance © j,. A typical value 
for a TO-5 device is 175°C/W. 


The Second Breakdown Limitation 


As indicated in Figure C-3, maximum power dissipation at 
relatively high voltages is limited not by thermal resistance, 
but by second breakdown. Second breakdown is a phenome- 
non wherein non-uniform current distribution in a transistor 
causes localized “hot spots’’. Ina regenerative cycle, this fur- 
ther increases current concentration until, in the absence of 
controlling mechanisms, melting of the silicon in the area(s) 
of current concentration causes failure. Failure is character- 
ized by a sharp decrease in collector-to-emitter voltage com- 
bined with a sharp increase in collector current. Second break- 
down is so named to distinguish it from primary voltage 
breakdown BVcEOQ. 


The non-uniform current densities that initiate the second 
breakdown cycle are unavoidable. This is because forward 
biasing of the emitter base junction induces a transverse elec- 
tric field in the base which causes current flow to concentrate 
in the area under the edge of the emitter periphery. Current 
density concentration in the area under the center of the emit- 
ter is minimal (see Figure C-4). As this concentrated current 
flows from the base through the collector base junction, local- 
ized heating is produced at a rate proportional to the product 
of collector voltage and current density. Note that some heat 
is also generated at the emitter base junction; however the 
voltage across the emitter base junction is usually much smal- 
ler than the voltage across the collector base junction, thus 
this heat is usually negligible. 


CURRENT CONCENTRATION 
UNDER EDGE OF EMITTER 


DIRECTION OF TRANSVERSE 
FIELD IN BASE DUE TO 
FORWARD BIAS 


HOT SPOTS 
GENERATED AT 
COLLECTOR BASE 
JUNCTION 





Fig. C-4 Current Concentration During Forward Bias Operation 


The next step in the second breakdown cycle occurs when the 
heat from the collector base hot spots radiates upward, cor- 
respondingly causing hot spots at the emitter base junction. 
These hot spots cause localized reductions in the emitter base 
junction barrier, automatically developed at a junction, and 
must be overcome by forward bias voltage to induce current 
flow. This effectively increases forward bias in the hot spot 
areas, and this further intensifies current concentration. If 
unchecked, this cycle — current concentration causing hot 
spots which further increase current concentration — leads to 
thermal runaway and second breakdown (see Figure C-5). 


INITIAL 
CURRENT 
CONCENTRATIONS 


INTENSIFIED 
CURRENT 
CONCENTRATIONS 


INCREASED 
EMITTER BASE 
DRIVE iN HOT- 

SPOT AREAS 


COLLECTOR BASE 
HOT SPOTS 


EMITTER BASE 
HOT SPOTS 





Fig. C-5 Thermal Runaway Cycle Which Causes 
Second Breakdown 


Factors Influencing Second Breakdown Capability 


Two key factors that improve the second breakdown capabil- 
ity of a power device are wide base widths and uniform base 
resistance (uniform dopant concentration). Wide base widths 
improve second breakdown capability in three ways. First, 
wide base widths reduce the intensity of the transverse elec- 
tric field, thus reducing initial current concentration. Second, 
a wide base promotes fanning out of current before it reaches 
the collector base junction — tending to eliminate generation 
of hot spots. Third, a wide base acts to thermally isolate the 
emitter base junction from the hot spots generated in the col- 
lector base region, thus tending to prevent thermal runaway. 
Uniform base doping, such as obtained by the Fairchild Bime- 
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sar™ process utilizing epitaxial base material, improves sec- 
ond breakdown capability by reducing the intensity of the 
transverse electric field, thus reducing initial current concen- 
tration. 


Fairchild Power Device Technology 


Fairchild uses three basic power transistor chip technologies 
to span the power applications spectrum. The Bimesar pro- 
cess uses two epitaxial layers to form the collector and base 
regions, a mesa etch to define the collector base junction, and 
Planar processing to form the emitter base junction. This 
produces low cost, high current devices with excellent safe 
area capabilities. When compared to conventional single dif- 
fused devices, Bimesar transistors exhibit higher working volt- 
age capabilities, lower saturation voltages, and lower leakage 
currents. Beta linearity is also improved and npn and pnp 
complementary devices are readily produced. Maximum cur- 
rent ratings extend to 30 A and f7 ratings to 10 MHz. 


Double diffused power transistors employ base and emitter 
diffusions into an epitaxial collector region. Collector base 
and emitter base junctions are Planar passivated to ensure 
low leakage currents and optimum stability. Double diffused 
Planar epitaxial devices are primarily used in high frequency, 
high reliability switching and amplifying applications with 
fy ratings greater than 30 MHz and maximum collector cur- 
rent ratings up to 30 A. 


The triple diffused planar technology uses base and emitter 
diffusions and a heavily doped collector diffusion into a high 
resistivity silicon wafer. Junctions are then Planar passivated 
to minimize leakage currents. The high resistivity material 
used in these devices provides high voltage capability (to 
350 V), while the heavily doped collector gives good satura- 
tion characteristics. Triple diffused Planar devices are used 
in high voltage switching and amplifying applications and 
have collector current ratings up to 15 A with fy ratings from 
10 MHz to 50 MHz. 


Pulsed Operation 


So far, discussion of forward biased safe area has been limited 
to dc operation. One other forward bias operating mode, 
namely, pulsed operation, must be considered. A typical safe 
area plot for pulsed operation is shown in Figure C-6. In this 
case, the vertical scale specifies collector current Ic, rather 
than power dissipation Pp. Each curve is labeled as to the 
duration of the on pulse — from the worst case dc condition 
to a minimum duration of 5 ps — and applies for a case tem- 
perature of 100°C and a duty cycle of 1%. 


Very high peak power dissipation is possible during pulsed 
operation. In Figure C-6, for example, peak power of 360 W 
at 60 V is permissible for a pulse width of 0.1 ms, compared 
with maximum power of only about 115 W at 60 V for dc con- 
ditions. This high peak power capability arises from the in- 
herent thermal capacitance of the device which enables it to 
absorb short bursts of energy without exceeding the maximum 
junction temperature or going into second breakdown. If the 
time between power pulses is relatively long (low duty cycle), 
most of the stored thermal energy is dissipated before the 
next power pulse arrives; thus, temperature build-up in the 
device is prevented. As indicated in Figure C-6, allowable 
peak power increases as pulse width decreases. This follows 
from the fact that total energy absorbed is equal to the pro- 
duct of power and time. If the time duration of the pulse de- 
creases, peak power can increase without increasing total 
energy absorbed. 





COLLECTOR CURRENT — A 





COLLECTOR - EMITTER VOLTAGE — V 


Fig. C-6 Typical Safe Area Plot for Pulsed Forward 
Biased Operation 


REVERSE BIASED SAFE AREA 


When the emitter base junction of a transistor is reverse bi- 
ased, the device begins to turn off. The power which must be 
dissipated during turn off depends on the external circuitry, 
particularly the collector load. Where the load is resistive or 
Capacitive, current quickly decays to zero while collector volt- 
age rises to the value of the supply voltage. Power dissipated 
is minimal and little reverse biased safe area is required. 


Fig. C-7 (a) inductive Load Circuit (Unclamped); 
(b) Voce vs Iq Load Line Traversed During Turn Off 





inductive Loads 


Where the load is inductive, high levels of power dissipation 


' may be encountered during turn off (see Figure C-7). Note 


that as soon as the device is reverse biased, the inductor at- 
tempts to maintain constant current, and in doing so, drives 
the transistor into breakdown BVcry forcing current to con- 
tinue to flow. Collector current continues to flow, ata decreas- 
ing rate, as the stored inductive energy is discharged. When 
the inductive energy is fully discharged, collector voltage falis 
back to approximately Vec and current is approximately zero 
(there is, of course, some leakage current). The total energy 
dissipated by the transistor during turn: off is approximately 
equal to the stored energy in the inductor. 


Current Concentration During Reverse Bias 


Reverse biased operation is thus similar to pulsed forward 
biased operation, since high energy pulses of relatively short 
duration must be sustained. However, power capability in 
this mode is generally lower then in the pulsed forward biased 
mode. This is because the direction of the transverse electric 
field in the base is reversed during reverse bias. This concen- 
trates current into a small area under the center of the emit- 
ter, rather than into the relatively large area under the emit- 
ter periphery where current concentrates during forward bias. 
Since current concentration tends to be greater, power capa- 
bility is generally lower. Failure occurs when excessive heat 
build-up melts or degrades the silicon in the area of current 
concentration. 


Factors Influencing Reverse Bias Safe Area 


The reverse biased safe area of a device is improved by any 
change that reduces current concentration. This includes de- 
vice design factors as well as circuit factors. Regarding device 
design, safe area is generally improved by increasing base 
width and/or by increasing emitter area; both changes en- 
courage current spreading. Regarding circuit factors, safe 
area is improved by reducing the input circuit turn off voltage 
Vpp and/or by increasing the base emitter resistance Reg; 
both changes reduce the intensity of the transverse base field, 
thus reducing current concentration. Major improvements in 
overall power capability can be obtained by providing aclamp- 
ing circuit which, set to trigger at some value below the break- 
down voltage of the transistor, shunts current away from the 
transistor during turn off. 


Specification of Reverse Bias Safe Area 


Reverse biased safe area is usually specified in terms of the 
total energy that can be safely dissipated during turn off. A 
typical rating is: Egp = 8.0 mJ, |= 4A, L=1 mH, Reg = 1002, 
and Vpp =-2 V. This rating means that, for the specified val- 
ues of L, Rage, and Vpp, the transistor can safely switch 4A. 

Esp stands for "energy of second breakdown” and is equal to 

the stored inductive energy 2 LI? which must be dissipated by 

the transistor during turn off (note that 4% x 1 mH x (4A? = 

8 mJ). 


SILICON POWER TRANSISTORS 


The following lists of preferred power transistors are grouped 
by package type, from 6 W TO-5 to 200 W TO-3. Within each 
group, devices are listed in order of increasing breakdown 
voltage BVcEG. 


POWER TRANSISTOR SELECTION CHART 
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PNP TO-220 

2N6132 2N6129 : : 2.5 
2N6124 2N6121 : : : 2.5 
2N6125 2N6122 : 2.5 
2N6133 2N6130 : | : : 2.5 
2N6126 2N6123 ; - : : : 2.5 
2N6134 2N6131 | ; : , 2.5 
NPN TO-3 

2N5067 2N4901 @ 1.0 1.5 @ 4.0. 
2N4913 2N4904 @ 2.5 1.5 @ 4.0 
2N5301 2N4398 @ 5.0 2.0 @ 2.0 
2N5068 2N4902 @ 1.0 1.5 @ 4.0 
2N4914 2N4905 @ 2.5 1.5 @ 4.0 
2N5873 2N5871 @ 2.5 1.0 @ 4.0 
2N5877 2N5875 @ 4.0 1.0 @ 4.0 
2N3713 2N3789 @ 1.0 1.0 @ 2.5 
2N3715 2N3791 @ 1.0 | 0.8 @ 2.5 
2N5881 2N5879 @ 6.0 1.0 @ 4.0 
2N3055 — @ 1.1 @ 0.8 
2N5885> 2N5883 @ 1.0 @ 4.0 
2N5302 2N4399 @ 2.0 @ 2.0 
2N5069. 2N4903 @ 1.5 @ 4.0 
2N4915 2N4906 @ 1.5 @ 4.0 
2N5874 2N5872 @ 1.0 @ 4.0 
2N5878 2N5876 @ 1.0 @ 4.0 
2N3714 2N3790 @ 1.0 @ 2.5 
2N3716 2N3792 @ 0.8 @ 2.5 
2N5882 2N5880 @ 1.0 @ 4.0 
2N5886 2N5884 @ 1.0 @ 4.0 
2N5303 @ 2.0 @ 2.0 
FT410 @ 5.0 @ 5.0 
FT411 @ @ 5.0 
FT 401 @ @ 2.0 
FT402 @ @ 2.0 
FT413 @ @ 5.0 
FT423 @ @ 5.0 
FT 430 @ @ 5.0 
FT431 @ @ 5.0 
PNP TO-3 

2N4901 2N5067 @ 1.5 @ 4.0 
2N4904 2N4913 | @ 1.5 @ 4.0 
2N4907 — @ 2.0 @ 4.0 
2N4398 2N5301 @ 2.0 @ 4.0 
2N4902 2N5068 @ 1.5 @ 4.0 
2N4905 2N4914 @ 1.5 @ 4.0 
2N5871 2N5873 @ 1.0 @ 4.0 
2N5875 2N5877 @ 1.0 @ 4.0 
2N3789 2N3713 @ 1.0 @ 4.0 
2N4908 — @ 2.0 @ 4.0 
2N3791 2N3715 @ 1.0 @ 4.0 
2N5879 2N5881 @ 1.0 @ 4.0 
2N5883 2N5885 @ 1.0 @ 4.0 
2N4399 2N5302 @ 2.0 @ 4.0 
2N4903 2N5069 @ 1.5 @ 4.0 
2N4906 2N4915 @ 1.5 @ 4.0 
2N5872 2N5874 @ 1.0 @ 4.0 
2N5876 2N5878 @ 1.0 @ 4.0 
2N3790 2N3714 @ 1.0 @ 4.0 
2N4909 _ @ 2.0 @ 4.0 
2N3792 2N3716 @ 1.0 @ 4.0 
2N5880 2N5882 @ 1.0 @ 4.0 
2N5884 2N5886 @ 1.0 @ 4.0 











POWER TRANSISTOR SELECTION CHART 






Device 






Complement LVcEO 1C(max) 
V A 


NPN TO-5 

2N4237 2N4234 1.0 @ 0.6 @ 2 
2N5321 2N5323 2.0 @ 0.8 @ 50 
2N5334 = 3.0  @ 0.7 @ 40 
2N4238 2N4235 1.0 @ 0.6 @ 2 
2N4895 — 5.0 @ 1.0 @ 50 
2N4896 — 5.0 @. 1.0 @ 80 
2N5320 2N5322 2.0 @ 0.5 @ 1 50 
2N4239 2N4236 1.0 @ 0.6 @ 2 
2N5335 3.0 @ 0.7 @ 40 
2N4897 5.0 @ 1.0 @ 50 
2N5336 5.0 @. 0.7 @ 30 
2N5337 — 5.0 @ 0.7 @ 30 
2N5681 2N5679 1.0 @ 1.0 @ 30 
2N5338 — 5.0 @ 0.7 @ 30 
2N5339 — 5.0 @ 0.7 @ 30 
2N5682 2N5680 1.0 @ 10° £@ 30 
2N3440 _ 0.1 @ 0.5 @ 15 
2N3439 _ 0.1 @ 0.5 @ 15 





PNP TO-5 






















2N4234 — 2N4237 @ 0.25 0.6 @ 1.00 3 
2N5323 2N5321 40-250 @ 0.50 1.2 @ 0.50 50 
2N4235 2N4238 30-150 @ 0.25 0.6 @ 1.00 3 
2N5322 2N5320 30-130 @ £0.50 0.7 @ 0.50 50 
2N4236 2N4239 30-150 @ 0.25 0.5 @ 1.00 3 
2N5679 2N5681 40-150 @ 0.25 1.0 @ 0.50 30 
2N5680 2N5682 @ 0.25 1.0 @ 0.50 30 








NPN TO-66 


2N4910 2N4898 
2N4231 — 
2N3054 — 
2N4911 2N4899 
2N3766 - 


2N4232 — 
2N4912 2N4900 
2N3767 
2N4233 
2N6233 


2N6234 
SE9051 
2N6235 
SE9052 


PNP TO-66 


2N4898 2N4910 
2N4899 2N4911 
2N3740 _ 
2N4900 2N4912 
2N3741 — 


NPN TO-220 


2N6129 2N6132 
2N6121 2N6124 
2N6122 2N6125 
2N6130 2N6133 
SE9300 — 


SE9303 © 
2N6123 
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2N6126 
2N6131 2N6134 
SE9301 
SE9304 
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FAIRCHILD SALES OFFICES 


DOMESTIC 





* HUNTSVILLE, ALABAMA 


3322 So. Memoria) Parkway 35801 
Suite 92 
Tel: 205-883-7020 TWX: 810-726-2214 


PHOENIX, ARIZONA 

4414N. 19th Avenue 85015 

Suite G 

Tel: 602-264-4948 TWX: 910-951-1544 


* SAN FRANCISCO, CALIFORNIA 
Village Corner, Suite L 

El Camino and San Antonio Rds. 

Los Altos, California 94022 

Tel: 415-941-3150 TWX: 910-370-7952 


* LOS ANGELES, CALIFORNIA 

6922 Hollywood Blvd. 90028 

Suite 818 

Tel: 213-466-8393 TWX: 910-321-3009 


* SANTA ANA, CALIFORNIA 

2101 East Fourth St. 92705 

Bidg. B, Suite 185 

Tel: 714-558-1881 TWX: 910-595-1109 


SAN DIEGO, CALIFORNIA 
8333 Clairmont Mesa Blvd 92111 
Suite 109 

Tel: 714-279-6021 


* DENVER, COLORADO 

5115 South Valley Highway 

Greenwood Gardens, Suite 240 
Englewood, Colo. 80110 

Tel: 303-770-2884 TWX: 910-935-0708 


* STAMFORD, CONNECTICUT 
2777 Summers Street 06905 
Tel; 203-348-7701 TWX: 710-474-1763 


* FT. LAUDERDALE, FLORIDA 
3440 N.E. 12th Avenue 33308 


Room 2 
Tel: 305-566-7414 TWX: 510-955-9840 


TAMPA, FLORIDA 

12945 Seminole Bivd. 

Florida Twin Towers Bldg. 2, Room 6 
Largo, Florida 33540 

Tel: 813-585-3892 


ORLANDO, FLORIDA 

251 Maitland Avenue 

Suite 307 

Altamonte Springs, Florida 32701 

Tel: 305-834-7000 TWX: 810-850-0152 


* CHICAGO, ILLINOIS 
9950 W. Lawrence Avenue 
Room 311 
Schiller Park, Ill. 60176 
Tel: 312-671 -4660 TWX: 910-227-0051 


* INDIANAPOLIS, INDIANA 
7202 N. Shadeland 46150 
Suite B2 
Tel: 312-849-5412 TWX: 810-341-3432 


FORT WAYNE, INDIANA 

2118 inwood Drive 46805 

Suite 111 

Tel: 219-483-6453 TWX: 810-332-1507 


KANSAS CITY, KANSAS 
Foxridge Towers 

5700 Broadmoor 

Suite 214 

Mission, Ks. 66202 

Tel: 913-432-7878 


BLADENSBURG, MARYLAND 

5801 Annapolis Road 20710 

Suite 500 

Tel: 301-779-0954 TWX: 710-826-9654 


* BOSTON, MASSACHUSETTS 
888 Worcester Street 
Wellesley Hills, Mass. 02181 
Tel: 617-237-3400 TWX: 710-348-0424 


DETROIT, MICHIGAN 

Westland Office Plaza 

33 300 Warren Avenue Suite 101 
Westland, Mich. 48185 

Tel: 313-425-3250 TWX: 810-242-2973 


MINNEAPOLIS, MINNESOTA 

7600 Parklawn Ave. 

Room 251 

Edina, Minn. 55435 

Tel: 612-920-1030 TWX: 910-576-2944 


WAYNE, NEW JERSEY 
580 Valley Road 07490 
Suite 1 

Tel: 201-696-7070 


ALBUQUERQUE, NEW MEXICO 

First National Bank, Bldg. E, Suite 1507 
5301 Central N.E. 87108 

Tel: 505-265-5601 TWX: 910-989-1186 


BINGHAMTON, NEW YORK 
3215 E. Main St. Suite 7 
Endwell, N.Y. 13760 

Tel: 607-754-1094 


* Denotes offices having resident Field Applications Engineer. 


INTERNATIONAL 


AUSTRALIA 

Fairchild Australia Pty. Ltd. 

420 Mt. Dandenong Road 

P.O. Box 151 

Croydon, Victoria 

Tel: 723-4131 Telex: 79030846 


BRAZIL 

Fairchild Electronica Ltd. 
Rua Da Consolacao 3542 
Caixa Postal 30.407 

Sao Paulo S.P., Brazil 
Tel: 33-5891 


33-2765 
TWX: NBR 021-261 
CANADA 
Toronto Regional Office 
FSC 





1590 Matheson Bivd. Unit 26 
Mississauga, Ontario L4W 1J1 
Tel: 416-625-7070 TWX: 610-492-4311 


Fairchild Semiconductor 
1385 Mazurette Suite 3 
Montreal 355, Quebec 
Tel: 514-382-2552 


FRANCE 

Fairchild Semiconducteurs, S.A. 
11, Rue Sainte Felicite 

75 Paris 15, 

Tel: 828-4294 Telex: 842-20614 


GERMANY 

Fairchild Halbleiter GmbH 
European Headquarters 

6202 Wiesbaden Biebrich 

Postfach 4559 

Hagenauer Strasse 38 

Tel: 06121/2051 TWX: 041-86588 


Fairchild Hatbleiter GmbH 

8000 Munchen 2 

Bayerstr. 15 

Tel: 0811/593632 Telex: 0524831 


Fairchild Halbleiter GmbH 

3000 Hannover 

Konigsworther Str. 23 

Tel: (0511) 1 78 44 Telex: 092-2922 


Fairchild Halbleiter GmbH 

7000 Stuttgart-Nord 

Parler Strasse 65 

Tel: (0711) 22 35 75 Telex: 072-2644 


HONG KONG 

Fairchild Semiconductor (HK) Ltd. 
135 Hoi Bun Road 

P.O. Box 9575 

Kwun Tong, Kowloon 

Tel: 89 0271 Telex: 780- 3531 


ITALY 

Fairchild Semiconducttori, S.p.A. 
Via Citta’ Di Castello 13 

00191 Rome 

Tel: 06-3274006 


Fairchild Semiconducttori, S.p.A. 
Via Rosellini, 12 

20124 Milano 

Tel: 02-688-7451 


* MELVILLE, NEW YORK 
275 Broadhollow Road 11746 
Tel: 516-293-2900 TWX: 510-224-6480 


POUGHKEEPSIE, NEW YORK 
15 College View Ave. 12603 
Tel: 914-452-4200 TWX: 570-248-0030 


* ROCHESTER, NEW YORK 
600 Kreag Rd. 
Pittsford, N.Y. 14534 
Tel: 716-385-1130 


SYRACUSE, NEW YORK 
333 E. Onondaga Street 13202 
Tel: 315-472-3391 TWX: 710-541-0499 


CLEVELAND, OHIO 

6151 Wilson Mills Rd. 

Suite 102 

Highland Heights, Ohio 44143 
Tel: 216-461-8288 


DAYTON, OHIO 

4812 Frederick Road 45414 

Suite 101 

Tel: 513-278-8278 TWX: 810-459-1803 


TULSA, OKLAHOMA 

5321 S. Sheridan Road 74145 
Suite 15 

Tel: 918-663-7131 


* PHILADELPHIA, PENNSYLVANIA 
Fort Washington Industrial Park 
500 Center 
Fort Washington, Pennsylvania 19034 
Tel: 215-886-6623 TWX: 510-665-1654 


* DALLAS, TEXAS 
725 So. Central Expressway 
Suite B-6 
Richardson, Texas 75080 
Tel: 214-234-3391 TWX: 910-867-4757 


* HOUSTON, TEXAS 
6430 Hillcroft 77036 
Suite 102 
Tel: 713-771-3547 TWX: 910-881-6278 


SEATTLE, WASHINGTON 

700 108th Avenue Northeast 

Suite 211 

Bellevue, Washington 98004 

Tel: 206-454-4946 TWX: 910-443-2318 


MILWAUKEE, WISCONSIN 
1810 S. Calhoun 

New Berlin, Wisconsin 53151 
Tel: 414-782-8270 


JAPAN 

TDK -Fairchild 

Sanyo Kokusaku Bldg. 2nd FI. 

7-8 Shiguya 1-Chrome 

106. tac she Tokyo 

106, J 

Tel: Os 400- 8351 TWX: 2424173 


MEXICO 

Fairchild Mexicana S/A 

Blvd. Presidente Adolfo Lopez Mateos 163 
Col. Mixcoac, Mexico 19, D.F. 

Tel: 563-5411 Telex: 0071-71-038 


SWEDEN 

Fairchild Semiconductor AB 
Svartensgatan 6, 

$-11620 Stockholm 

Tel: 08-449255 Telex: 17759 


THE NETHERLANDS 

Farrchild Semiconductor 
Paradijsiaan 39 

Eindhoven 

Tel: 0314067727 Telex: 04451024 


UNITED KINGDOM 

Fairchild Semiconductor ‘td. 

Kingmaker House, Station Road 

New Barnet, Herts EN5 INX 

Tel: 044174407311 Telex: 051-262 835 
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